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Everybody’s Problem Lubrication 


Like an old foot ball, lubrication for the past 
thirty years has been kicked from pillar to post, no- 
body claimed it, yet everybody used it. 


It seemed that its common usage created a con- 
tempt by its familiarity. Oil shanties, located at 
some distant outpost in the steel plant, housed an 
indiscriminate mixture of oils, and greases. The oil 
man or custodian dished out quantities of oils and 
greases often regardless as to the uses intended, the 
prevailing opinion being that so long as it was oil 
or grease, it would perform the task. 


After the lubricant had run its course, it lay about 
in the plant in unsightly piles, in pits, around en- 
gines, under roll tables, mixed with scale, waste, and 
every conceivable nondescript matter about the plant. 


The author remembers in the early days in one 
particular steel plant, which was a Sheet and Tin 
mill, when thirty hot mill catchers had as part of 
their responsibilities the greasing of the hot necks 
with a material no ax could penetrate, it even re- 
sisted red hot metal application with the result that 
there was little, if any, lubrication, and what there 
was consisted of a blinding, choking smoke which 
caused almost unbearable working conditions, loss of 
production, broken rolls and a high maintenance. 


About the only piece of apparatus in the entire 
plant which received any attention, so far as lubri- 
cation was concerned, was the steam engine. Bar- 
rels of oil, tubs of grease, stood close by, and were 


applied liberally. 


Finally, some of the enterprising mechanics in 
the industry awakened to the fact that, if lubrication 
was properly used and applied, many of the condi- 
tions prevailing at that time could be eliminated. 
However, it remained for the commercial engineer 
on the outside of the plant to realize the enormous 
possibilities and savings, which could be effected by 
the use, of first, specific lubricants for specific appli- 
cations; and second, lubrication devices, appliances, 


and systems, many of them automatic, which prac- 
tically eliminated the human element. 
The results so far obtained have proven: 


First—That the consumption of lubricants may 
be reduced as much as 50 percent or more. 

Second—Reduction in maintenance and upkeep 
costs as high as several hundred percent. 

Third—A reduction in power load, in some cases 
as high as 25 percent. 

Fourth—A reduction in delays, This is one of 
the greatest gains particularly in a rolling mill, from 
the finished bar clear back to the heating furnace. 

Fifth—Proper lubrication produces a better sec- 
tion in rolling mills. As is readily appreciated, any 
change in a roll neck bearing is immediately found 
in the finished bar, even a sloppy pinion bearing 
causes a wave in the finished bar. 

Sixth—Reduces man hours. By use of proper lu- 
bricants and proper appliances, less men are required 
to apply lubricants. 

Seventh—Makes for cleanliness and health; a 
clean mill and a healthy place is a cheerful place 


to work. Cleanliness lends an inspiration to all men. 


Eighth—Reduces accidents. By use of proper 
applicances, the bearings may be lubricated from a 
remote point. 


Ninth—Not so much time required to line up the 
mills. 

Tenth—A new system of accounting, in which 
is taken into consideration that lubrication should 
be charged with all bearing changes, delays in lining 
up the mills, loss of production through delays 
caused by faulty bearing performance. 


Proper lubrication is today one of the problems 
that confronts the Iron and Steel Industry. 
fertile and virgin 
figures will total millions of dollars. 
of work to be done. 


It is the 
indirect savings, the 


There is plenty 


field; in 
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Report on Questionnaire Covering Organization, 
Maintenance, and Operation of an Electrical 





Department in a Modern Steel Mill 


By J. J. Booth* 


At the 1929 convention of the Association of Iron 
and Steel Electrical Engineers in Pittsburgh, June 
17-21, 1929, we presented a questionnaire, covering 
the organization, maintenance and operation of an 
Electrical Department in a Modern Steel Mill, with 
the request that as many of our active members as 
possible take this questionnaire and fill it out in 
detail, mailing it to the Chairman of the Shop Prac- 
tice Committee. This has been done by several of 
our active members and below we wish to present 
the general results of this questionnaire, representing 
some ten steel plants, ranging in size from 1,000 to 
13,000 employees. 

From the chart on Page 408-A we believe that any 
Electrical Engineer, wishing to set up or establish an 
Electrical Organization in a Steel Plant, as covered 
by these reports, will find this data a helpful guide. 

In order that we may bring out more of the par- 
ticulars of the actual organization and maintenance 
of the Electrical Department, in a steel mill, we 
propose in the following pages, to outline what we 
term a representative 100% organization. In so do- 
ing, we have tried to cover all points in as much 
detail as practicable in a paper of this kind, using 
the general outline of the questionnaire as our guide. 


1. ORGANIZATION 

The Electrical Organization of any Steel Mill is 
as strong as its Electrical Superintendent. He should 
have only one superior from whom he takes orders 
and to whom he is responsible for the efficient oper- 
ation of his organization and equipment. Since the 
Electrical Superintendent is the one who loses sleep 
when his equipment fails to operate properly, he 
should have full power to prepare all specifications 
for new equipment to be purchased and be the judge 
as to what suppliers can meet such specifications. 
With this as a foundation, we have prepared the 
organization tree, shown in Figure (1), so that the 
general arrangement of the engineering, clerical, op- 
eration, testing, and maintenance departments form 
an ideal Electrical Organization, with the Electrical 
Superintendent as its head, reporting direct to the 
General Superintendent of the Plant and his assistant. 


2. SIZE OF PLANT 


The organization as outlined above, is suitable 
for a complete steel mill, employing approximately 
7500 men. This plant should have approximately 
278 by-product coke ovens, four blast furnaces, two 
open hearths, one having 12 furnaces and one 15 


* Chairman, Shop Practice Committee; Electrical Super- 
intendent, National Tube Company, Gary, Indiana. 


+ Presented at 26th Annual A. I. & S. E. E. 
Buffalo, N. Y., June, 1930. 


Convention, 


furnaces, and complete rolling mills. The finished 
products are pig iron, billets, sheets, bars, rounds, 
plates, merchant bars, galvanized sheets, structural 
pieces, rails, splice bars, tie plates, bolts, rivets and 
spikes. 


A. Clerical Department 
1. Preparing of Orders 


The writing of orders for repair parts originate 
with the foreman of the department requesting the 
parts. His requisition carries the necessary data for 
the Purchasing Department to order these parts 
from the manufacturer of the original equipment, 
these orders being sent by the Foreman to the Elec- 
trical Superintendent’s Office for approval and re- 
writing. 

Orders for new equipment originate in the office 
of the Electrical Superintendent, who in conjunction 
with the Chief Engineer, prepares the design and 
layout of all new installations and replacement of old 
equipment, the Electrical Superintendent being re- 
sponsible for all specifications and designs of Elec- 
trical Equipment. 


2. Distribution of Time 

The distribution of time is divided into two meth- 
ods. The Inspection and Construction Departments 
in the field use a time slip which provides space for 
seven coupons, to show the work performed, time in 
hours and minutes, order number, account number 
and wage per coupon. See Figure (2). Each coupon 
is used to show the time required and work per- 
formed for a specific department. If a man’s time 
for a day is divided between three departments, he 
fills out three coupons. The next day these are re 
turned to the Department Superintendent for check- 
ing, signed and returned to the Time Department. 
In this manner the department involved can question 
any work charged against them while it is fresh in 
the minds of those affected, and at the same time this 
affords the Department Superintendent the privilege 
of knowing exactly what is charged to his depart- 
ment from the standpoint of maintenance cost. The 
Ijlectric Repair Shop has a special time slip which 
will be explained under the discussion of the Elec- 
tric Repair Shop. 

Kach morning the Electrical Superintendent has 
placed on his desk, a summary time slip, showing 
the labor distribution for the previous day. See 
igure (3). Each foreman receives a daily report 
from each motor inspector at 8:00 A. M. covering 
the general maintenance and repair work performed 
by him on the previous day. See Figure (4). From 
this he prepares a summary inspection report and 
forwards it to the Electrical Superintendent before 
11:00 A. M. each day, so that the latter may have 
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an opportunity of knowing what has transpired in 
the last 24 hours, before going to the daily super- 
intendent’s meeting at 1:00 P. M. 


B. Stores 

The Electrical Stores should come under the gen- 
eral supervision of the Chief Store Keeper, who has 
under his employ a competent man familiar with the 
details of ordering Electrical Equipment. We believe 
this method to be preferable to that of having the 
Stores Department directly under the Electrical Su- 
perintendent. In some instances, which in our opin- 
ion are very rare, the Electrical Superintendent might 
be justified in carrying a Sub-Storeroom under his 
supervision, for outlying departments. Since the 
chief duty of the Store Keeper is to keep on hand 
at all times, necessary supplies required to operate 
and maintain a plant, he is in a better position to 
handle orders, make claims and settle adjustments 
than the Electrical Department. The Electrical Su- 
perintendent must approve all requisitions for ma- 
terials to be carried in the stores stock, as well as 
requisitions for material not carried in stock. In 
order that the Stores Inventory may be kept to a 
minimum at all times, we have established a maxi- 
mum and minimum point method of ordering com- 
modities. This is set at 30 days for fast moving 
items and 90 days for slow moving items. The 
maximum and minimum is also determined by the 
delivery which can be met by the manufacturer. 

Figure (5) shows a sample stores record card, 
having ample space at the top for a complete descrip- 
tion of the part to be ordered, quantity to be ordered, 
commodity number, unit, bin number, date, order 
number, quantity received, date and quantity issued, 
balance on hand and its value. The ordering point 
is a minimum point to which the store can drop 
before ordering, which on this card is set at 210. 
The 525, quantity to be ordered, plus the 210, order- 
ing point, gives the maximum on hand at any time 
of 735, for this particular item. 

A close and efficient check is kept on stores at 
all times and an inventory taken every 30 days. 
This permits a minimum which is consistent with 
efficient handling of the commodity involved and 
permits scrapping or disposing of excess stock which 
may become obsolete or damaged in stock. This 
scrapping program is more efficient and easily han- 
dled because it is easier to charge off small amounts 
each month than large amounts at the end of the 
year. Also it provides 11 more opportunities each 
year for the Electrical Superintendent to view slow 
moving electrical items, thereby preventing re-order- 
ing and in the end, decreasing inactive stock which 
may have to be scrapped at a later date. 

Spare motors and armatures are necessary in any 
type of plant, regardless of size. These should be 
kept in the Electric Repair Shop under the direct 
supervision of the foreman of the shop, in order 
that he may be in a position to expedite delivery of 
motors of respective capacities to any place in the 
mill, where same may be required. Relative to spare 
armatures, the majority of armatures should be kept 
in the Electric Repair Shop in order that the pinions, 
brake wheels, pulleys, etc., may be properly installed 
before being sent to the mill. However, it is im- 
perative that a specified number of spares be kept 
in the immediate vicinity where they are to be used. 


This not only expedites changing the electrical equip- 
ment in case of breakdown, but decreases the amount 
of mill delay and loss of production. In most in- 
stances where these spares are kept in the mill, in 
view of the fact that they are more or less special, 
pinions and brake wheels can be kept mounted on 
the shaft, ready for service. In carrying spare arma- 
tures both in the Electric Repair Shop and in the 
mill, it is well that in so far as practicable the bear- 
ings should be mounted on shafts, thus making the 
unit complete and easily installed. The Electrical 
Superintendent should see that accurate record of all 
spare motors and armatures, together with their 
locations, be kept in the hands of every foreman. 


C. Engineering Department 

The Electrical Department organization should in- 
clude, under the supervision of the Electrical Su- 
perintendent, a small engineering department, con- 
sisting of one or more electrical draftsmen, preferably 
college trained. This department is to handle general 
layout work and compile all necessary records and 
engineering data which may be of future value to 
the Electrical Superintendent. On all new and re- 
placement work the Electrical Superintendent will 
co-operate with the Chief Engineer. 


D. Electric Repair Shop 

In order to better study the Electric Repair Shop, 
its forms and methods of compiling costs, we will 
follow a complete motor through the shop on a cost 
incentive system, sent in for repairs. When the 
motor is taken out of the mill by the Mill Electrical 
Foreman or one of his representatives, the motor is 
inspected to determine the extent of repairs and 
what he thinks will be needed to put it in first class 
condition. He checks the serial number on the mo- 
tor frame or end of shaft and prepares same for 
shipment to Electric Repair Shop. The foreman then 
prepares a foreman’s maintenance or repair requisi- 
tion, which gives a complete description of the work 
to be performed in accordance with his judgment, 
the charge account for the labor and material, the 
service record data, such as motor number and the 
date taken from service and the number of motor 
put in its place, the complete motor rating and the 
direction of rotation. This form is filled out in 
triplicate, (white, pink and blue copies) and signed 
by the Mill Electrical Foreman. Figure (6). The 
white copy is mailed to the Mill Superintendent for 
his noting and returned to the Mill Electrical Fore- 
man who forwards it to the Electric Repair Shop. 
The pink copy is mailed to the Electrical Superin- 
tendent for his O.K. and comments, after which it 
is returned to the Mill Electrical Foreman. The 
third or blue copy is retained by the issuer, in his 
mill office as a record of work to be performed. 

The three section blue shipping tag shown in 
Figure (7) is then prepared, the section with a wire 
in the perforated hole is attached to the motor, and 


‘sent with the motor to the Electric Repair Shop. 


The middle section is torn off and mailed to the 
foreman of the Electric Repair Shop, thus informing 
him that a motor has been sent in for repairs. The 
end section is retained by the Mill Electrical Fore- 
man showing he has shipped the armature to the 
Repair Shop. When the middle section is received 
at the Electric Repair Shop, the receiving clerk, who 
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is also the Chief Floor Inspector matches this tag 
with the tag on the motor, receipting this middle 
section and returning it to the sender. 

On receipt of the motor, the chief floor inspector 
prepares the Repair Shop Inspection Report, as 
shown in Figure (8). This report gives complete 
motor data, the condition of motor and the neces- 
sary repairs to put it in first class shape. This Re- 
pair Shop Inspection report is sent to the Electrical 
Foreman, where it is matched with the white copy 
of the Electrical Mill Foreman’s requisition as shown 
in Figure (6). 

The Shop Work Order, as shown in Figure (9), 
is then made from the Repair Shop Inspection Re- 
port and the foreman’s requisition. It is made out 
in four copies, of which the original, first and second 
carbons stay in the Electric Repair Shop Foreman’s 
desk until the job is completed and the costs com- 
piled and recorded thereon. The fourth copy is 
mailed immediately to the Electrical Mill Foreman, 
giving him the full data of what will be required to 
repair the motor, the Shop Order number and ad- 
vising him what other departments are working on 
this job. After the costs have been compiled in the 
space provided for summary of costs, the original is 
mailed to the Time Department, where it is used for 
compiling costs against the department listed on the 
order. The first carbon is then mailed to the Su- 
perintendent of the Mill to be Charged, and gives 
him an opportunity to check the costs of this job. 
The second carbon copy is mailed to the Electrical 
Superintendent whose organization compiles this cost 
data on the repair cards kept in his file, after he has 
noted the work done. Some advantages of this Shop 
Works order are that it shows the different depart- 
ments working on this job, thus enabling the field 
to assist in expediting the work in case it is not com- 
ing through in record time, lists a complete sum- 
mary of costs, such as labor, material and overhead, 
expended by each department, the Accounting De- 
partment numbers and complete service record. 

In order to increase the incentive of the day rate 
men working in the Shop, a bonus or cost incentive 
system has been adopted and installed by a large 
number of manufacturing plants and steel mills, be- 
cause it has increased production for a certain over- 
head, as well as increased the personal earnings of 
the workmen. 

The time allowed to do a job is taken from the 
master rate card shown in Figure (10). This card 
shows the allotted time for each operation, and speci- 
fies the numerical sequence in which the onerations 
must be performed, giving each a speciiic name. 
Three copies of these rate cards are prepared, one 
staying in the Electric Repair Shop file, one going 
to the Time Department, and the other to the In- 
dustrial Engineering Department. Before these cards 
are used they must be approved by the Electrical 
Superintendent. 

These rates as shown on the master rate card 
are taken from time studies made by the Industrial 
Engineer, who comes directly under the General 
Superintendent’s staff, or from time studies he has 
made on similar jobs, or from work performed on 
this same class of apparatus before the cost incentive 
system was installed. 

From the master rate card (Figure 10) and the 
Shop Works order, (Figure 9) the shop order clerk 


then prepares a route card and a shop cost card as 
shown in Figure (11), taking the operations named 
and hours allotted from the master rate card. Since 
the front of these two cards are the same, the route 
card is a carbon copy. It is, therefore, necessary to 
have a separate set of these cards to cover work to 
be done on armature bearings, armatures and frames 
respectively. See Figures (11-A) to (11-C). 
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FIG. 10. 


The Shop Cost card as explained above is the 
same as the route card, except that the back of this 
card is provided with two spaces, one for recording 
of material requisitions, including cost and requisi- 
tion number and the other for a complete time card 
data. It is also provided with space for a summary 
of costs which includes total material, labor, overhead 
and grand total, compiled on the back of this card. 

The route card is placed in a celluloid envelope 
and hung on a planning board, where it remains 
until the workman is ready to start the job. « The 
shop cost card is placed in the Assistant Shop Fore- 
man’s file, where data from time cards and material 
requisitions are recorded daily until the job is com- 
plete, after which these costs are transferred to the 
summary cost section of the Shop Works order. It 
is then filed in the Electric Repair Shop, according 
to stock order number. 

The time allowed to do a job as previously stated, 
is taken from the route card shown in Figure (10). 
When the work is started on the motor, the shop 
man gets the number from the motor frame, and 
goes to the shop office where he obtains the celluloid 
envelope, which contains the route card as shown in 
Figure (11). The shop clerk prepares and punches 
time card as shown in Figure (13). This card is 
punched out if a man changes a job during the day 
or at the end of a day’s run, thus requiring a new 
card at the start of another job or another day. All 
jobs that pay a premium must have a time card, 
O.K.’d by Assistant Shop Foreman before it is 
punched out as completed. He makes the entry of 
time and bonus money on the back of the card. 

lf premium is earned by the workman a premium 
slip is made out as shown in Figure (14) and given 
to the man at the start of the next day, which shows 
that on the previous day he made so much money 
over the allotted time. If he disagrees: with the 
amount shown on the slip he may discuss it with the 
shop foreman, who will make necessarv adjustments 
before it is sent to the Time Department. In Figure 
(15) we show the “Order for Materials” requisition, 
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which is used to draw material from the general 
storeroom. This requisition has a number and is 
made out in duplicate. It is signed by either the 
Foreman or the Assistant Foreman and both copies 
are presented to the Storeroom when material is 
drawn. Before presenting to the Storeroom the 
number and description of material is recorded on 
the back of the Shop Cost card, so that the requisi- 
tion, if lost, can be duplicated. 


The original is mailed by the Stores Department 
to the Time Department, showing the commodity 
number and the price of the material involved. The 
Time Department takes record of this material for 
compilation of costs against the department shown 
and the account number. They forward the original 
to the Mill Superintendent, who asks the Mill Elec- 
trical Foreman to check the requisition and deter- 
mine whether the charge should go against the de- 
partment specified. In the meantime the carbon 
copy has been forwarded to the Electric Repair Shop 
with the cost of the material recorded. After the 
Electric Repair Shop has recorded these costs, they 
forward the carbon copy to the Mill Electrical Fore- 
man for his files, because he returns the original to 
‘he superintendent of that department, with his O.K. 


When the job is finished a shipping tag as shown 
in Figure (16), is made out by the order clerk. This 
tag is similar to the shipping tag described in Fig- 
ure (7), except that its color is orange instead of 
blue, the orange card being used to ship material 
from the repair shop to the field. The perforated 
end of the stub is attached to the’ motor frame, the 
middle stub being mailed to the Electrical Mill Fore- 
man receiving the material and is returned with his 
O.K. when the material is received. The end stub 
is retained by Electric Repair Shop until the re- 
ceipted middle stub is received at the Electric Re- 
pair Shop. 

In any well organized Electrical Department, in 
order that the Electrical Superintendent may at all 
times be fortified with well trained and experienced 
men along electrical lines, it is imperative that he 
institute an apprenticeship course in his department. 
The course in our judgment should cover Repair 
Shop, Construction Work, Installation Work, Motor 
Inspecting, etc. The student we believe should be 
started in the Electric Repair Shop and spend some 
6 to 8 months in this location, from where he will 
be transferred to another department in accordance 
with the wishes or definite outline of the Superin- 
tendent. This course should occupy a period of not 
less than two years. In order to keep up a proper 
interest among the apprentices, the superintendent or 
some of his staff should meet with these men quar- 
terly and go over the general program of their work, 
and make sure each and every man in the course 
feels he is getting value from the work. In addi- 
tion, in many instances a plan of giving technical 
training one or two evenings per week, in rudiments 
of electrical principles, also mechanical drawing and 
allied subjects. 


Accurate shop costs and test data are of little 
value to the operating and executive departments 
unless they are compiled in such a manner as to be 
readily accessible for every day use. In order that 
he may be able to check his costs, locate unnecessary 


leaks and excessive costs, caused by poor operation, 
unsuitable application, poor maintenance on the part 
of motor inspectors, etc., thereby decreasing his total 
shop maintenance costs and operating costs per ton 
of product, he must have the data available at a 
moment’s notice. In Figures (17) and (18) we have 
provided a combination motor test data and Elec- 
trical Department repair record card, which will per- 
form this function. 

Figure (17) gives in detail the name of the de 
partment, name of the drive, type of drive, such as 
gear, chain or pulley, motor and control data, com- 
plete initial and subsequent test data taken and in 
fact, complete history of the installation. Figure 
(18) gives the history of the installation and removal 
for repairs of the drive motor, giving the reason for 
removal, repairs made, material and labor charge 
taken from Shop Works order shown in Figure (9), 
the shop order and production lost time in minutes. 
With this information at hand the Electrical Su- 
perintendent is able to analyze in detail the drives 
which are producing high maintenance and upkeep 
costs, causing lost time and decreasing tonnage and 
enabling him to recommend and assist the Chief 
Engineer in making changes which will save the 
company thousands of dollars over a period of years. 

In addition to the above test data and service 
record cards, we have what we term an Electrical 
Department service record of motor parts. Figure 
(19) covers this card, giving the complete history 
of the particular part of the motor, such as frame 
or armature, giving each a separate card. As time 
goes on these cards will show the respective lengths 
of life the parts have given in different locations. 
This is another way the Electrical Superintendent 
has of determining the severity of respective applica- 
tions and also the life of the equipment in various 
services. These cards are made out for each arma- 
ture and each frame when it was received from the 
motor manufacturer, the department numbers being 
stamped on the end of the shaft or top of motor 
frame respectively where it can be easily found. 

A container is necessary to hold the cards pro- 
vided in Figures (17, (18) and (19) and an envelope 
for the purpose is provided for each drive, as shown 
in Figure (20). This envelope serves a double pur- 
pose, the outside being used to give a complete his- 
tory of the motor and control and the name and 
type of drive. In the lower left hand corner a space 
is supplied for plotting a curve of the cost of main- 
taining the motor. The data for plotting this curve 
is taken from the back of the motor and test card, 
as shown in Figure (18). The right hand corner of 
this envelope has a space where a curve can be 
plotted showing the production hours lost, due to 
the electrical equipment on that drive. This data is 
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also taken from the record data card shown in Fig- 
ure (18). 
E. Tests 

In many instances, the Electrical Superintendent 
makes elaborate tests covering electrical drives but 
after having made these tests, particularly if they 
are in graph form they do not take the time or 
trouble to lay it out from the standpoint of root 
mean square values, to obtain if possible, the actual 
heating of the equipment. We propose to present 
in Figure (21) what is termed the standard form of 
calculating the root mean square current on a spe- 
cial application as screw stripper crane Open Hearth 
Plant No. 2. We believe the curves in Figure (21) 
and the data in Figure (21-A) is self-explanatory. 

In conclusion we wish to express our thanks and 
appreciation to each and every person who has in 
any way assisted in collecting the data, forms, etc., 
used in this paper. We hope that this article will at 
least perform the function of acting as a guide to 
Electrical Superintendents who are anxious to or- 
ganize an efficient working department. 
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Flexibility of Design in the Application of Ball 
and Roller Bearings to General Purpose Motors 


By J. L. BROWN* 


After witnessing what has resulted through and 
incident to the work of the Special Committee on 
Searings of the Association of Iron and Steel Elec- 
trical Engineers, we are able to appreciate the fore- 
thought resulting in its creation and recognize this 
forethought as one of many evidences of the for- 
ward-looking nature of the Association. 

As the Chairman of the Committee has repeatedly 
impressed upon the members, the data compiled is 
not intended to be a standardization, but is a col- 
lection and orderly arrangement of facts relating to 
ball and roller bearings furnished in various classes 
of apparatus used by the steel mills. This ‘chasing 
of the facts out into the open’ has enabled the appar- 
atus manufacturers to obtain a clearer perspective 
of the bearing situation as it relates to their appar- 
atus and has brought out whatever lack of uniform- 
ity and interchangeability may have existed. For- 
tunately, speaking for the Westinghouse Company, 
we were able to conclude arrangements with most of 
the roller bearing manufacturers and so arrange our 
designs early in 1929 that practically complete uni- 
formity and interchangeability could be secured in 
applying ball or roller bearings to our mill type 
motor line. The interchangeable list of bearings 
appeared in the Committee’s report published in the 
June 1929 issue of the “Iron and Steel Engineer,” 
and the following issue (July, 1929) carried our arti- 





* Mechanical Engineer, Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 


cle showing in detail how this interchangeability 
was secured not only for new motors but for exist- 
ing motors of the sleeve bearing type when con- 
verted by relatively simple measures to accommo- 
date roller bearings. 

The data compiled for general purpose motors 
applies to designs in production prior to 1930 and 
will be useful to Association members in indicating 
what bearings are used in motors which they have 
purchased antedating the new National Electrical 
Manufacturers’ Association standard In our case 
the bearing sizes used for the various ratings fol- 
low more or less the recommendations made by the 
ball bearing manufacturers following a gathering 
in Cleveland in 1924 and while these bearings have 
given a good account of themselves as far as suc- 
cessfully sustaining the loads imposed is concerned, 
we have found it possible to secure a number of 
important advantages not hitherto obtained, we 
believe, in any line of general purpose motors. 
These advantages can perhaps be best illustrated 
by comparison with the corresponding shortcomings 
of the earlier designs. 

When, approximately a quarter of a century 
ago, the then-interested parties established the pro- 
portions of ball bearings, the question of suitability 
of these proportions for electric motor service seems 
to have had but scant consideration. The 300 or 
medium series of ball bearing proportions is general- 
ly conceded among motor and ball bearing manu- 
facturers to be the one best adapted for application 
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to electric motors. However, our efforts in the selec- 
tion of ball bearings for this purpose have con- 
vinced some of us that the choice of a suitable bear- 
ing for each case is largely a matter of adaptation 
and compromise. 

Our experience has taught us how large a bear- 
ing to use to successfully carry a load of given 
character and magnitude. The problem has been 
to get it suitably attached to the motor. The bear- 
ing must be mounted on the shaft. The radial load 
carried by the bearing must be transmitted from the 
shaft through its contact with the bearing. The 
question arises “is this load carrying contact as well 
designed to carry the load imposed as are the in- 
ternal parts of the bearing?” 

Figure 1 shows that the axial length of single 
row ball bearing #306 in contact with the shaft is 
588”, giving, with the bore of 1.1811”, a projected 
area of shaft and bearing contact of .694 square 
inches and resulting, for the catalog load ratings of 
the bearing, in very large unit pressures. Further- 
more, a cross section of this bearing on account of 
its proportions takes the form of an _ upstanding 
rectangle with a relatively small base. There is 
thus present, as indicated by the triangle appearing 
below, a rocking tendency with consequent danger 
of peening the shaft at the edges of the contact 
area. Experience has shown that in many cases 
such a fit is inadequate. 

It is interesting to note also in Figure 1 that in 
case of the single row ball bearing #317 where, be- 
cause of its larger size a somewhat larger contact 
pressure might reasonably have been expected, this 
pressure is actually much lower. Evidently, in the 
design of single row ball bearings, shaft contacts, 
if considered, were deemed to be of secondary im- 
portance. 

It has been the general practice to attempt to 
compensate for the insufficient contact with the 
shaft by clamping the inner race of the ball bearing 
axially between a shouldered portion of the shaft 


and a lock nut. This has proved unsatisfactory in 
many cases for a number of reasons. First, it is 
only partially effective as a method of preventing 
rotation of the inner bearing race on the _ shaft. 
Second, it is expensive. Third, the sharp bottoms 
of the threads securing the nut in place introduce 
high stress concentration at the point where the 
greatest bending movement occurs, thus greatly 
weakening the shaft. 

Practically all other parts mounted on general 
purpose motor shafts such as cores, commutators, 
collectors or blowers have sufficient contact with the 
shaft to effectively resist loosening even against the 
torque of the motor. It would seem logical, there- 
fore, to assume that a theoretically frictionless bear- 
ing could be readily made to prevent loosening b: 
providing adequate shaft contact. Our success over 
a period of years in applying the double width ball 
and roller bearings to mill type motors without the 
use of lock nuts suggests that the same practice 
could be applied with equal success to the lighter 
duty general purpose motor. 

The data charted in Figure 1 for double width 
bearings WIR-306 and 5315 respectively show the 
advantages of this type over the narrow type in 
regard to rocking tendency and unit pressure of 
shaft contact. 

Even disregarding the question of proper contact 
with the shaft, the use of single row bearings 
throughout the range of general purpose motor sizes 
introduces some disadvantages. One of these is 
illustrated in Figure II where comparison is made 
between shaft extension diameters standardized by 
the N.E.M.A. and the bores of ball bearings having 
sufficient capacity for the loads imposed. The upper 
part of the figure shows that up to 15 H.P. at 1750 
R.P.M. the bearings recommended do not greatly 
differ in bore from the diameter of the shaft ex- 
tension but that for 25 H.P. at 1750 R.P.M. and 
above, there is a considerable disparity. This in- 
creases the size of the shaft stock necessary, thus 
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adding considerably to the expense and as the out- 
side diameter of the bearing also is proportionately 
larger, there is greater interference with the motor 
ventilation. 

The lower part of Figure II in contrast shows 
how by the use of double width bearings, these 
difficulties may be overcome. The inner race of 
these bearings is of double width in every case. Up 
to 15 H.P. at 1750 R.P.M. a single row of balls 
is used, while for 25 H.P. at 1750 R.P.M. and larger 
ratings, two rows of balls are used. The necessity 
of this change from one row of balls to two rows 
of balls is clearly shown in Figure III. In this 
figure a curve is drawn giving the relative strength 
of N.E.M.A. standardized shafts. Four other curves 
are drawn showing the relative load capacities of 
single row and double row ball bearings at both 
1750 R.P.M. and 1150 R.P.M. for bearings of the 300 
series having bores just large enough to pass the 
various N.E.M.A. shaft diameters. The lower ball 
bearing capacity curve shows especially clearly that 
the increments of ball bearing capacity for corres- 
ponding increments of bearing bore are very con- 
siderably less than the increment of shaft strength 
for similar increments of shaft diameter. In other 
words, if single row ball bearing #309 and a shaft 
of 1-5/8” diameter are equally suitable in load capac- 
ity for a 15 H.P. at 1750 R.P.M. motor, the smaller 
sizes of bearings chosen to suit N.E.M.A. shaft 
sizes will have excess load capacity and the larger 
sizes insufficient load capacity for the corresponding 
motor ratings. Representing this relation, the lower 
bearing load capacity curve crosses the shaft strength 
curve at 15 H.P. at 1750 R.P.M. To obtain suffi- 
cient bearing capacity above this rating, therefore, 
in a bearing of size suiting the standardized shaft 
diameter, in other words, to keep on the left side 
of the shaft strength curve, it is necessary to choose 
double row bearings #5310, #5311, #5313 and #5315 
respectively as shown. 

It may be suggested that increased capacity may 
be obtained by using 400 series single row bearings. 


However, such a practice would be open to the ob- 
jection of high shaft contact pressure as well as 
interfering with the flexibility of the design. For an 
understanding of this important feature, we may 
refer to Figure IV. 

In Figure IV, the left hand vertical row of seven 
bearings illustrates a number of types and makes of 
bearing which we have applied to general purpose 
motors. The heavy vertical line at the left marked 
“Thrust Surface” represents the outer end of the 
outer races of the seven bearings in a uniform posi- 
tion—one of the requirements of interchangeability. 
The irregular, heavy, vertical line at the right of 
these bearings, however, shows lack of interchange- 
ability comparing one bearing with another inasmuch 
as the thrust surfaces of the various bearing inner 
races are not in a uniform position. 

Having established previously the desirability of 
employing double width inner races to obtain satis- 
factory mounting conditions, it will be of interest to 
examine the possibility for interchangeability as 
illustrated in the right hand vertical column of Fig- 
ure IV. In this case all thrust surfaces at the right 
of this column are in a_ uniform position and at the 
same time all thrust surfaces at the left of this col- 
umn are in a uniform position as indicated by the 
two heavy vertical lines. This is the condition for 
complete interchangeability and flexibility of design. 

As an example, should the bearing load encoun- 
tered at the shaft extension end of a certain motor 
dictate the use of a double row ball bearing, a 
single row bearing of the same diameter will have 
ample capacity for the load at the opposite end. By 
using in this position the single row bearing with 
inner race extended toward the centerline of the 
motor and of width equal to the double row bearing 
as shown uppermost in the right hand column of 
Figure IV, exactly the same bearing housing assem- 
bly may be used as at the shaft extension end with 
the economy of the less expensive bearing. Further- 
more, customers with special preferences for types 
of bearings made only in the double width, such 
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as the Timken.or Hyatt bearings illustrated, may be 
readily served without delay in delivery or expensive 
change in design by mounting such bearings in the 
same Universal housing assembly, and in general, 
since many types and makes of bearing can be used 
in such a housing interchangeably, the problem of 
carrying spare parts is greatly simplified as almost 
any make of bearing can be used to replace a worn- 
out bearing of any other make as long as it is of 
sufficient load capacity. 


Upper and lower views in Figure V show the 
older and newer designs respectively. The various 
disadvantages of the old and the advantages of the 
new will be clearly understood with the aid of the 
appended notations. We have made every effort to 
secure these advantages for our customers in new 
Westinghouse general purpose motors. We under- 
stand that detailed bearing data for current motor 
designs will be collected by the Bearings Committee 
and published at a later date. 





Drying Out Electrical Equipment: 


By WALTER H. BURR* 


In turning over in my mind the things which 
might prove of interest to the men present, one 
subject seems to stand out above the others and 
that is, Emergency Drying of Electrical Equipment. 

In this discussion, I intend to speak of emergency 
cases such as those resulting from a fire or flood. 
I will not go into any technical discussion but try 
and give you the benefit of actual experience under 
such circumstances. 

Naturally, the first thing to do in case of fire is 
to remove any material which might prove a hazard 
to workmen engaged in reconditioning the electrical 
equipment. 

No time should be lost in removing any water 
which may be left in the pits under the equipment. 
If no quicker means is available, use the fire en- 
gines and get rid of all possible. At the same time, 
get air lines working blowing out the conduits and 
all places where it is not possible to pump out the 
water. Conditions will vary, but it has been my 
experience that the work of drying out ordinary 
rubber or F.&W. covered wires in iron conduit is 
one of the serious problems. So don’t stop blowing 
out the ducts until you have all the moisture out 
which is possible to remove with air. If men are 
available, put one gang on this work alone and start 
the others on the motors and generators. 

In drying out ducts where it is impossible, due 
to length of time required, to pull in new wire, 
quite satisfactory results may be obtained by making 
up what are commonly called “salamanders” which 
are nothing more than metal drums about the size 
of oil barrels, so arranged that they can be used for 
heating purposes and placing a coil of ordinary pipe 
in this improvised heater. Connect metallic hose to 
each end of this coil and connect one end of this 
to an air line and put the other in the conduit which 
has previously been blown out with air. Turn on 
the air so that it is heated as it passes through the 
coil and allow it to pass through the conduit. Con- 
siderable care must be used or the insulation on the 
wire may be damaged due to excessive heat. Too 
hot a fire in the heater will burn out the coil if the 
air supply is shut off through this coil. With proper 
care, very satisfactory results may be obtained. 

On auxiliary motors, I am convinced that better 
results can be obtained under most conditions by 
actually removing them to the repair shop and dis- 


*Elec. Supt., Lukens Steel Co., Coatesville, Pa. 
+Presented before Phila. Section, A. I. & S. E. E., Apr., 1930. 


mantling the equipment so the armatures and fields 
can be dried out separately. If drving ovens are 
used, be sure that provision is made for the removal 
of moisture. . Otherwise, you will be greatly dis- 
appointed in the progress made with this drying out. 
Very satisfactory results can usually be obtained by 
placing the armatures on suitable timbers forming 
racks under which regular space heaters are placed. 
The number of space heaters available is the limit 
of the number of armatures which can be handled 
in this manner. The fields, if they are mill type 
motors, can usually be stacked up one above the 
other with strip heaters placed in each half of the 
frame. In the most extreme cases, mill type motors 
have been dried out by actually heating the frames 
with oil burners, but the man doing this kind of 
drying out must be very careful not to exceed the 
critical temperature of insulation in the motor and 
all covers must be removed to allow all moisture to 
escape. 

In drying out, D.C. generators, the fields are 
usually taken care of first. This may be accom- 
plished by applying low voltage and circulating cur- 
rent through this winding, and at the same time, 
applying external heat. If necessary, box the equip- 
ment in so as to retain all heat possible. When 
field is in proper condition, it is usually possible to 
turn the generator over slowly and with armature 
short-circuited, apply sufficient field to circulate 
enough current in the armature to bring the tem- 
perature up to 75 or 80° C. 

Where D.C. reversing motors are involved, after 
the D.C. generators have been dried out, the neces- 
sary current for drying out motors can be obtained 
from motor generator set. 

I have learned to my sorrow that usually the 
commutator on the large D.C. machines are the 
most difficult part of the equipment to dry out. On 
most of these large units, the commutators are as- 
sembled with through bolts holding the front and 
back V rings. If the drying out does not progress 
as fast as it should, take out say one-half of these 
bolts in the commutator and apply external heat 
such as oil torches to the steel hub of the com- 
mutator. Protect the winding with asbestos so that 
it will not be ignited from the flame of the burner. 
I have seen the steam come out of these holes like 
steam out of the old fashioned tea kettle. After 
replacing the bolts first removed, proceed in like 
manner with those remaining. External heat ap- 
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plied to the face of the commutator will not as a 
rule bring out the moisture around the rings and 
through bolts. 

Serious trouble has been encountered on large 
mill motors which have not been used for some 
time due to moisture condensation which has col- 
lected in the commutators, so, when in trouble due 
to low insulation don’t forget to dry out the com- 
mutator. Do not, however, take out enough bolts 
to allow the commutator to get out of shape. 

So far, nothing has been said regarding the 
method of measuring the insulation resistance or the 
proper resistance for the various pieces of equip- 


ment which have been dried out. A meggar should 
be used for this purpose and accompanying these 
sets are instructions which give the safe insulation 
resistance for various equipment. 

On our 660-volt, D.C., reversing mill drive, con- 
sisting of three D.C. generators and two D.C. mill 
motors, with control, if the resistance drops below 
300,000 ohms we get busy immediately and correct 
the trouble. 

It is very desirable to keep a record of insulation 
resistance on electrical equipment, especially on large 
mill drives, and when any decrease is noted it should 
be investigated and corrected as soon as possible. 


Why Arc-Weld Cranes? 


By H. T. FLORENCE* 


With cranes, as with all other production ma- 
chines, a great deal of thought and energy has been 
expended in the past few years to bring them up to 
the high point of efficiency required by modern pro- 
duction schemes. 

A careful analysis has naturally been required to 
determine those points of past types of crane con- 
struction which have done the most to attribute to 
whatever lack of efficiency existed in crane operation. 
There is no question but that one of the first points 
considered was higher speed, but probably the most 
disconcerting of all points, in view of present pro- 
duction methods, is the shut-down for repairs. Such 
things as worn out bearings, worn gears, broken 
rivets, acid weakened members, misalignment, etc., 
are the most outstanding of these difficulties, and a 
careful analysis shows that while in some cases fail- 
ures of this type, due to the material used, did occur. 
they were in a great majority of cases directly trace- 
able to methods of fabrication, and their resulting 
misalignment of parts. There is a very pleasing lack 
of evidence however, of failure of material itself in 
properly designed members fabricated of rolled steel, 
our most uniform, strongest and readily obtainable 
product today. 

With these facts in mind it was only natural to 
try and determine a method of fabrication, using 
rolled steel wherever possible, whereby strength, 
rigidity and alignment of all moving parts could be 
assured for an indefinite period of time. 

Though the electric arc-welding process has been 
known commercially’ for some twenty odd years, it 
was not until after the close of the world war that its 
use as a fabricating process accelerated rapidly. It 
was at this time that our Company began to take 
cognizance of the potentialities of the electric arc as 
a fabricating process. Several years later this Com- 
pany started their research with metallic arc-welding 
as a possible method of eliminating the weaknesses of 
traditional methods of fabrication in crane construc- 
tion. 

To better comprehend the advantages that have 
resulted from the use of arc-welded fabrication let 
us consider the major units of a standard overhead 
traveling crane individually, and analyze in a gen- 
eral way the changes in design affected by the use 


*The Cleveland Crane & Engineering Co., Wickcliffe, O. 


of arc-welded construction. It was, of course, the 
inherent superiority of rolled steel, namely, uniform- 
ity, greater strength and greater rigidity for its 
weight, together with its adaptability to a method of 
fabrication that would insure permanent alignment 
of all moving parts, which gave it preeminence over 
other materials for use in crane construction. 

The failure of crane box girders is traceable di- 
rectly to the methods of joining the web plates, cover 
plates, chord angles, diaphragms and similar mem- 
bers. The working of these various parts, though 
slight at first, continually increases in proportion to 
the use of the crane until the rivets have become 
very loose through enlargement of the rivet holes and 
the wearing down of rivets. It is this breaking 
down of joining media which causes the failure. 
Though girders may be constructed of the very best 
of material, with the finest of workmanship, and are 
correct in design, failures do occur. They are not 
frequent, but they do exist, and many more would 
occur were it not for the vigilance of maintenance de- 
partments. Thus it is very evident that rolled steel 
is the proper material, but that the methods of fabri- 
cation left much to be desired before anything ap- 
proaching permanent rigidity could be attained. 

The first crane bridge box girder fabricated by the 
electric arc-welding process was constructed by our 
Company in 1926. The advantages of this modern 
method of fabrication were immediately apparent. 
Instead of plates being joined at intervals by rivets 
which permitted working of the parts, and necessitat- 
ing removal of a large percentage of valuable metal 
at sections of extreme importance, all the members of 
the girder were fused into each other by continuous 
welds, making the entire girder actually one piece 
of steel. All tests for deflection, rigidity and align- 
ment of the welded girder showed far superior qual- 
ities than a riveted girder of the same size, and same 
amount of material. The welded girder from theoret- 
ical and test standpoint was very satisfactory. The 
performance of our welded girders applied to all 
types of cranes, subjected to severe service, offer 
further proof of the soundness of this modern method 
of construction. 

In welded construction it is possible to use one- 
fourth less material for the same strength than would 
be required in the usual method of fabrication. This 
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is due to the fact that a great deal of material is cut 
out in the punching of holes for the _ rivets. 
Figure 1 shows the web plate of a crane girder 
punched for riveted construction. At one line it is 
computed that approximately 25% of the metal is 
removed to permit the use of rivets. In welded con- 
struction the members can be welded directly into 
each other without the use of a third or connecting 

















Figure 1. Note the large amount of material re- 
moved by punching for rivet holes in this section 
of web plate for riveted bridge girdet. Because of 
this large amount of material removed by punching, 
the web plate must be approximately 25% heavier 
than the web plate for an arc-welded girder in 
order that they may have equal strength. 


member as required in riveted construction. All 
three members must be punched in order to connect 
the two main members by rivets. Thus, there are 
twice as many connections made in riveted construc- 
tion as in arc-welded construction, and therefore 
twice as many connections which can work loose. 
Figure 2 shows a girder for a 10-ton 84 span mill 
crane in process of fabrication by automatic electric 
arc-welding. Inspection of this photograph shows 
that the members of this girder have not been weak- 
ened by punching as is the case illustrated in figure 1. 


Another point that is often overlooked in deter- 
mining the value of the welded box girder is the 
method of joining the diaphragms to the other mem- 
bers. In the riveted type of construction the dia- 
phragms are joined only to the web plates. With 
the welded type of construction the diaphragms are 
fused into the web plates and top cover plate. Thus, 
in modern welded construction, one is assured that 
the top cover plate will bear on the diaphragms and 
will not act as a separate member when under load. 
The joining of the diaphragms to the top cover 
plate, as well as the web plates of the girder, and 
continuously instead of at intervals, as in the case 
of riveted construction, gives the welded girder far 
greater rigidity to resist torsional strains. 


Due to the use of continuous welds, arc-welded 
box type crane girders will float in water. Thus, 
when cranes with this type of girders’ are operated 
in an atmosphere laden with water moisture, or acid 
fumes, there is no danger of corrosion inside the 


girders. As it is impossible to protect the interior 
of riveted box type girders from corrosion, the 
girders are often dangerously weakened from this 
cause, of which there is no visible evidence until the 
girders begin to fail. The attack of acid is generally 
first noticed by an abnormal loosening of rivets. 

Though the advantages of arc-welded construction 
of crane girders are pronounced, the improvements in 
the design of trolleys and end trucks through the 
use of arc-welded construction is even more outstand- 
ing. The riveted type of trolley construction has the 
same shortcomings characteristic of the riveted gir- 
der. These are the constant working of parts caus- 
ing looseness and finally failure of connections. This 
type of construction is very difficult to keep in align- 
ment for this reason, and results in excessive gear 
and bearing wear. The Safety Committees will par- 
ticularly welcome a method of construction whicl. 
eliminates the shearing of rivets and looseness of 
bolts, and the dropping of rivet heads, bolts and nuts 
to the floor below. 

There is no question but what the trolley with a 
one piece steel casting base will, and does insure 
rigidity and alignment. It necessitates, however, a 
great deal of care to avoid concealed defects with the 
added necessity of extreme caution to avoid warpage 
and shrinkage in a casting of these proportions. 

Another point that is often overlooked, which 
many on first thought consider an advantage, but 
which in reality constitutes a rather serious dis- 
advantage, lies in the necessity of casting various 
sections of a casting of this size in far greater pro- 
portions than required by strength, because of the 
limitations of foundry practice whereby thin sections 
are extremely difficult to cast. In a great many 
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Figure 2. A 10-ton 84 span bridge girder being 
continuously welded with automatic machinery. 


cases the additional weight thus obtained does not 
increase the capacity of the trolley, because the real 
load-carrying parts are of sufficient size to permit 
them to be readily cast, but even if additional trolley 
capacity were obtained there would be absolutely 
no advantage, because the balance of the crane is 
figured to take care of the capacity of the crane 
plus the weight of the trolley, and does not take into 
consideration any possible added capacity of the 
trolley obtained by these unnecessarily large sections. 


~ 
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It goes even farther than this. Increased weight in 
the trolley frame requires a bigger trolley motor to 
propel it along the bridge. The combined increase 
in weight of the trolley frame and trolley motor 
makes necessary heavier girder sections. The in- 
crease in weight of girders and trolley necessitates 
heavier end trucks and larger bridge motor to propel 
the entire crane. In fact, to go even farther, this 
combined increase in the total weight of the crane, 
all of which does the user no good whatsoever, in- 
creases power consumption, makes necessary heavier 
crane runways and heavier columns, all of which 
means a greater cxpenditure without returns of any 
kind. 

It is our contention that a trolley frame of rigid 
construction, properly designed and figured with 
with safety factors and overload features sufficient 
to meet the specifications of the most exacting of en- 
gineers, is not only the best, but the only efficient 
basis for construction. In a few words, added weight, 
if it does not increase rigidity, makes more possible 
permanent alignment or increase the capacity of the 
crane, is not only useless but inefficient. 

As in the case of girder construction, rolled steel 
plates and structural shapes fused into each other 
by the electric arc, form the best possible construction 
of trolley frames. With the electric arc various mem- 
bers can be fused directly into each other, thus 
eliminating the necessity of a third, or connecting 
member as required in riveted construction. With 
arc-welded construction the most efficient design 
can be employed because the correct amount of 
rolled steel can be placed where it will serve most 


advantageously. 

















Figure 3. This frame for a 20-ton 3-motor trolley 
is a one piece unit of arc-welded, rolled: steel con- 


struction. 


A study of the trolley frame shown in figure 3 
will prove conclusively to the reader the efficiency 
of welded steel design. If the stiffeners on the 
trolley frame illustrated were applied by riveting, the 
section of the various members would be weakened 


approximately 25%. This is because so much mater- 
ial must be cut out for rivet holes. If this trolley 
frame were cast, the stiffeners in many of the main 
members would be considerably heavier because it 
would be difficult to make a sound casting with sec- 
tions as narrow as those of the members in the are- 
welded trolley frame. The ability of the electric arc- 


welding process to fuse metal into metal makes the 
arc-welded trolley frame actually a one piece unit of 
rolled steel, stronger and stiffer for its weight than 
either a cast or riveted trolley frame. 

Another excellent example of the efficient applica 
tion of metal, possible only in arc-welded design, is 
shown in the frame of the equalizer truck, figure 4. 
This truck frame is also a one piece unit of rolled 


steel. 











Figure 4. An equalizer truck for a 50-ton crane. 

Note the efficient design made possible by the use 

of arc-welding. 

The extreme rigidity of a one piece unit of rolled 
steel makes possible the proper alignment of all 
shafts and bearings throughout the life of the crane. 


The weaving of crane members, caused by the loosen- 








Figure 5. These one piece, rolled steel end trucks 
are for a 10-ton 80’ span steel mill crane. They 
are stronger and stiffer for their weight than either 
cast or riveted end trucks. 
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ing of connections, induces excessive wear and loss 
of power through misalignment of shafting and 
bearings. 

The advantages offered by the arc-welded steel 
construction of trolleys and bridge girders are also 
apparent in the modern type of end truck construc- 
tion. End trucks are long and difficult to cast. In 
cast end trucks there are also the possibilities of un- 
seen weakness in the metal structure due to blow 
holes and sand pits. Warpage and shrinkage are 
also difficulties encountered in cast construction. It 
is also difficult to avoid spongy metal at some of the 
heavier sections. With arc-welding, rolled steel al- 
ways uniform in strength, can be most efficiently 
utilized. Stiffeners of the correct size and weight 
may be placed where they will serve most advan- 
tageously. The same method of joining diaphragms 
to the webs and top cover plate as in arc-welded 
girder construction is also employed. Thus an end 
truck composed of steel plates fused into each other 
by the electric arc becomes a one piece unit, stronger 
and stiffer for its weight than any other type of con- 
struction. Figure 5 shows the simple, yet efficient, 
design of arc-welded steel end trucks. The automatic 
arc-welding of web plates to cover plate in construc- 
tion of a modern one piece steel end truck is illus- 


trated in figure 6. 





Figure 6. Fabricating a rolled steel end truck by 
the automatic arc-welding process. 


Other details of modern crane design, such as 
line shaft brackets, cross walk supports, bridge drive 
machinery brackets and trolley rail stops, all fabri- 
cated by arc-welding, are illustrated in figure 7, 
which shows a completely arc-welded 10-ton 80’ span 
crane for steel mill service. The smooth, even sur- 
faces, due to absence of rivet heads, gives the arc- 
welded crane an appearance pleasing to the eye, as 
well as simplifying the painting of the crane. 

This new type of fabrication also permits the most 
efficient application of roller bearings. A_ recent 


survey shows that 76% of the engineers in charge of 
mill operations prefer roller bearing equipped cranes. 
The advantages of roller bearings are greatly en- 
hanced when they are applied to cranes of arc-welded 
steel construction, for such cranes are stronger, more 
rigid, accelerate faster for the same motor horse 
power, operate smoother, require less power and stay 
in line. 
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Figure 7. A steel mill crane of advanced design. 
Trolley, end trucks and bridge girders are of arc- 
welded, rolled steel construction with roller bear- 
ings applied throughout. 


Steel mill men were, of course, the first to realize 
the tremendous advantages offered in cranes of all 
welded rolled steel construction. They made rolled 
steel. They realize its qualities of uniformity, 
strength and rigidity when properly applied. Figure 
8 shows a typical installation of one of these modern 
cranes of advanced design. The performance of 
these cranes in various steel plants throughout the 
country has justified our belief, as well as the many 
crane users, in the superiority of arc-welded, rolled 
steel crane construction. 











Figure 8. A typical steel mill installation of a com- 
pletely arc-welded, rolled steel crane. 
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Reaction and Temperatures 


By M. J. CONWAY* 


OPEN HEARTH PRACTICE FOR THE OPEN HEARTH EMPLOYEE 
LESSON NO. 4. 


The following lecture is one of a series which will appear in the Iron and Steel Engineer and was prepared 


by Mr. M. J. Conway, Combustion 
tures were 


Enginger of the Lukens Steel Company at Coatesville, Pa. These lec- 
presented before the employees of the Open Hearth Department of the Lukens Steel Company and 
were illustrated by a model of an Open Hearth Furnace. 


It was felt that the preparation and presentation of a serics of lectures of this character would bring the em- 


ployee into closer touch with the design, operation and maintenance of the furnace. 


At the close of each 


lecture, the employees were invited to question the various points touched on and these questions and answers will 


appear at the end of the series. 


The Lukens Steel Company is to be congratulated on this particular program of education to the employee. 
When these lessons have been printed in the Iron and Steel Engineer the entire course will be reprinted 
and bound under one cover and will be available to all interested parties at a slight cost. 


In the previous papers we have followed the 
procedure of making steel and in this paper we are 
going to deal briefly with the chemistry of the proc- 
ess. In the purification of pig iron, which is the 
first of the two main steps in making steel, the four 
elements which are practically eliminated are silicon, 
manganese, phosphorus and carbon, and the prin- 
ciple by which this elimination is effected is that 
of oxidation. 

In the basic open hearth process the elimination 
of sulphur may also take place to a greater or less 
extent, depending upon the amount present, but 
only in special cases is it considered as the principle 
objective. It now remains to be pointed out that 
this oxidation when brought about indirectly, that 
is, through the interactions of these elements with 
oxygen bearing compounds, as is the case in this 
process, involves, two other principles as well. These 
are the principles of reduction and neutralization, 
for it is manifestly impossible under these condi- 
tions that one substance can be oxidized without 
another’s being reduced, and it develops, that this 
interaction is made possible through the immediate 
neutralization of the oxidized substances. 

While the principles and the reactions by which 
the purification is brought about are, when con- 
sidered separately, very simple and can be easily 
understood, they are somewhat difficult to follow 
in the actual working of the furnace, because they 
are here occurring simultaneously and, therefore, tend 
to mask each other in the effects they produce. One 
of the most marked of the chemical properties of 
metallic iron is its tendency to combine with oxygen. 
ven at ordinary temperatures, this tendency is very 
marked, as is seen from the ease and quickness with 
which it combines with oxygen and water to form 
the familiar compound known commonly as_ iron 
rust. This tendency of iron and oxygen becomes 
stronger as the temperature rises, so that at a tem- 
perature ranging from 500° F. to 900° F. or higher, 
the combination becomes very rapid, and a com- 
pound quite different from those composing rust is 
found. 

Silicon forms but one compound with oxygen 
under the conditions prevailing in the open hearth, 
and this compound is §,O, or silica. The tendency 


*Comb. Engr., Lukens ‘Steel Co., Coatesville, Pa. 


of silicon to combine with oxygen is even greater 
than that of iron, due to the greater heat of forma- 
tion of its oxide, so that it is capable of reducing 
any of the oxides of the latter and upon this fact 
depends the elimination of this element from the 
molten metal. As to which of the oxides of iron 
is the active agent in the oxidation of silicon there 
can be little doubt that ferrous oxide, Fe O is the 
principle one that suffers direct reduction by the 
silicon, for, the silicon either as an alloy or a com- 
pound of iron is distributed throughout the molten 
mass of metal, and it is necessary that either the 
oxidizing agent also dissolve in the liquid or the 
silicon diffuse to the surface of the metal in order 
that the molecules may be brought into that intimate 
contact required to effect a reaction. The ferrous 
silicate is in the fluid state, for its fusion point is 
below that of the metal. It has a lower density 
than the iron, and, therefore, rises to the surface, 
where it temporarily forms a part of the slag. On 
the way to the slag it may undergo a change. Once 
in the slag, this ferrous silicate is capable of under- 
going many changes. The first of these changes is 
probably due to the ability of the silica to take on 
additional base. Having been formed in a region 
where there is only a limited supply of base, the 
silica could not be neutralized to the extent it is 
capable. But now having been diffused in the slag, 
where there is an abundance of bases, this trisilicate 
may become a monosilicate with either a monoxide 
or a sesquioxide base. The ferrous oxide thus com- 
bined cannot act as an oxidizer, and, therefore, be- 
comes inactive. 

However, it may be made available through the 
action of lime and magnesia. Both these basis are 
capable of replacing ferrous oxide. The ferrous 
oxide thus liberated is now subject to reduction, and 
available to the bath for further use. The sources 
of supply of lime and magnesia are the stone charged 
into the furnace and the lining of the furnace itself. 
These alkaline earth silicates constitute the major 
portion of all the final slags found in the process, 
but these slags are never free of iron, for they hold 
its oxides in solution. 


Manganese 
While manganese combines with oxygen in sev- 
eral different proportions to form an equal number 
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in different oxides, under the conditions that exist 
in the basic open hearth only one of these oxides 
is formed, namely, manganese oxide, or protoxide of 
manganese, Mno. Like silicon, the manganese in the 
charge being alloyed with iron, must be oxidized 
largely through the agency of ferrous oxide, but as 
silicon is capable of reducing manganese oxide, there 
appears little chance of oxidizing the latter until the 
former element has been largely eliminated from the 
bath. However, there is much evidence to show that 
at least part of the manganese finds its way into the 
slag long before all of the silicon has been oxidized. 
This fact is explained by the assumption that man- 
ganese is capable of replacing iron in the silicates 
of iron. With this idea in mind, it is easy to con- 
ceive the simultaneous elimination of both these 
elements, in which elimination the ferrous oxide 
plays a part of oxidizing agent, and manganese ful- 
fills the office of the base for the neutralization of 
the silica. When this silicate of manganese reaches 
the slag, it is subjected to the same changes as are 
the corresponding iron oxide silicates, the manganese 
oxide being eventually set free by lime and magnesia. 
This free oxide of manganese being insoluble in the 
metal, remains in the slag as such, as long as the 
latter is rich in iron oxide, but if the slag should be 
depleted of its oxides, then manganeous oxide is 
liable to reduction, in which event the resulting 
metallic manganese returns to the bath. Another 
property of manganese, though it is of little impor- 
tance in ordinary open hearth practice, may be men- 
tioned. It refers to the ability of manganese to re- 
place iron in combination with sulphur. Thus, all 
of the sulphur contained in the pig iron or steel 
scrap going into the furnace may be considered as 
being combined with this element and in the form 
of manganese sulphide. 


Sulphur 


Owing to the peculiar properties of sulphur and 
its oxides, they are subject to a number of conflict- 
ing influences, under the conditions of the open 
hearth process, that render removal of this element 
very uncertain. As an element, sulphur combines 
directly with iron to form iron sulphide and is easily 
oxidized to form oxide, So, both of which as gaseous 
acid anhydrides, and, when neutralized, form sul- 
phites and sulphates, respectively. At temperatures 
far below the lowest working temperature of the 
open hearth, the sulphites and sulphates of the heav- 
ier metals, like iron, for example, decompose to form 
either the sulphide or the oxide of the metal and 
sulphur dioxide. At temperatures relatively low for 
furnace operation, like that of the puddling furnace, 
both manganese and iron sulphides are readily 
oxidized by the higher oxides of these elements such 
as Fe, O, forming oxides of the metals and So, 
which escapes, as a gas, from the furnace. At the 
higher temperatures of the open hearth furnace there 
are a number of factors that operate against the 
elimination of sulphur in this way. Among which 
may be mentioned an increased tendency of iron to 
combine with sulphur, an increase in the reducing 
power of the molten iron, the fact that Co gas is 
capable of reducing So, and the probability that 
there is little Fe, O, available to do this work. 
Unlike the sulphates of the heavy metals, the sul- 


phates of the alkaline earths, such as calcium sul- 
phate, are not decomposed by heat alone, at least 
not by any temperature attainable in an open hearth 
furnace. Therefore once the sulphur is oxidized and 
this combined with lime, there is some chance of 
its being held by the slag. However, iron is capable 
of decomposing the sulphate of lime, in which case 
the iron sulphide dissolves in the iron. As evidence 
that such a reaction may take place, several instances 
may be cited in which steel has been ruined, for the 
order it was intended, through charging old boiler 
tubes, containing much boiler scale, with the scrap. 
The presence of oxides in the slag tends to hold 
this reaction in check, so that it takes place to an 
appreciable degree only when the slag is burdened 
with an excessive amount of this sulphate, and even 
then it can occur only at the surfaces of contact be- 
tween the metal and slag. Another source from 
which sulphur may be imparted to the metal is the 
fuel. That fuel carrying compounds of sulphur may 
be responsible for a portion of the sulphur content 
of steel is a well known fact, but through what re- 
actions, the transfer is brought about does not 
appear to have been satisfactorily explained. 


Phosphorus 


This element is very easily oxidized, when in the 
free state by oxygen alone, and forms several 
oxides, of which only one, Phosphorus pentoxide 
P,,,; need be considered here, because it is the only 
one formed under the conditions prevailing in the 
open hearth. Like sulphur, phosphorus occurs in the 
metal as a defined compound, iron phosphide, and 
like silica the oxide P,O,; is an acid which must be 
neutralized as soon as it is formed. Silica has the 
power of replacing P,O, in the ferrous phosphate, 
thus exposing the latter oxide to reduction, so that 
phosphorus is never permanently removed from the 
metal until the silicon has been practically all elim- 
inated. This power of silica also accounts in part 
for the fact that phosphorus is not eliminated by any 
of the acid processes for making steel, for the pro- 
portion of this compound in the slag effectually pre- 
vents the formation of phosphate. 

In the basic process the abundance of bases 
present in the slag is more than sufficient to satisfy 
the silica, so that the ferrous phosphate is not per- 
mitted to form, but on reaching the slag it is con- 
verted into a much more stable calcium phosphate. 
Phosphorus, therefore, is held by the slag, only so 
long as the latter is maintained strongly basic and 
at least moderately oxidizing. 


Carbon 


Owing to the peculiar chemical and_ physical 
properties of carbon and its oxides, the elimination 
of this element is distinctly different from the ele- 
ments just reviewed. In that review it was pointed 
out that the oxidation of those elements gives com- 
pounds which are liquids under the conditions of the 
open hearth, that is, they are slag forming elements. 
But the oxidation of carbon, gives rise to the gas 
carbon monoxide, and owing to the conditions under 
which it takes place, produces what is known as the 
ore boil. Thus since the carbon, either as a com- 
pound or as an element, is dissolved in the metal, 
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and the iron oxide, in the slag, the region of 
greatest activity, at the beginning of the oxidation, 
is located near the surface of contact between the 
two liquids. 

The generation of the carbon monoxide here 
gives rise to innumerable tiny bubbles of the gas, 
which immediately rise into the slag, but owing to 
the small size of the former and the viscosity of the 
latter, their immediate escape is hindered, so that 
they find their way to the surface very slowly. They 
thus collect in the slag, increasing its volume and 
imparting to it the appearance of foam. In course 
of time the highly oxidizing condition of the bath 
has disappeared with the consequent lowering of 
the carbon content, and both oxide and carbon are 
so reduced in amount that the oxidation no longer 
takes place rapidly and near the surface of the 
metal, so the slag loses its foamy appearance. In- 
deed, as the silicon, manganese, phosphorus and part 
of the carbon have been oxidized the bath of metal 
is becoming depleted of its reducing agents so that 
more and more ferrous oxide penetrates or is dis- 
solved by the metal, which fact, together with the 
decomposition of the limestone, gives rise to the 
formation of large bodies, or bubbles, of carbon 
monoxide deep down in or near the bottom of the 
layer of metal. These bubbles rise through the 
metal rapidly, so that when they strike the slag; 
it is not given time to part, but is lifted into the 
atmosphere of the furnace and thrown to one side. 


Lime 

It is interesting to note to what extent the de- 
composition of the limestone on the bottoms of the 
furnace may contribute to this action and the elim- 
ination of the carbon. The CO, derived by the 
decomposition of the limestone as well as that from 
the action of the dissolved FeO, escapes to the sur- 
face as just described. Any ore that may have re- 
mained at the bottom of the furnace up to this 
period of the carbon elimination would also con- 
tribute to the violence of this action. At the sur- 
face of the slag the carbon monoxide discharged by 
the bath may burn to carbon dioxide, which escapes 
with the products of combustion from the flame. 
The boiling of the bath thus plays a very important 
part in the process. When the slag is thrown aside 
by the bubbles of gas, the metal is exposed to the 
action of the flame, and through this exposure is 
but momentary in each instance, the large number of 
such exposures result in the formation of a consider- 
able quantity of ferrous oxide in this way. But the 
greatest benefits are derived from the agitation of 
the bath. It is easily seen how this agitation must 
result in a mixing of the slag and metal, thus in- 
creasing the area of the reaction surfaces, while the 
stirring effect on the metal itself should not be over- 


looked. Thus the metal lying near the bottom, 
which is the coldest and most impure, is brought 
upward to be heated and exposed to the oxidizing 
influences, so that both the temperature and com- 
position of the bath are kept more uniform than 


they could otherwise be maintained. 


In conclusion it should be pointed out that the 
effect of the carbon elimination upon the slag is to 
reduce its content of iron oxides. By proper regu- 
lation of the conditions this reduction of the oxides 
in the slag, may be brought down to a point where 
the total iron content of the slag will be about 10% 
of it’s weight of which 70% will be the ferrous con- 
dition. 

The order of the elimination of the elements just 
reviewed, with the exception of the sulphur, is the 
same as the order in which they have been discussed, 
namely, silicon, manganese, phosphorus and lastly 
carbon. 

Some reasons why the first three elements are 
eliminated in this order have been mentioned under 
their respective headings but nothing has been men- 
tioned that would appear to cause carbon, which is 
capable under proper conditions, of reducing the 
compounds of all these elements, to be the last 
element oxidized in the open hearth. The explana- 
tion for this difference in the chemical properties of 
carbon is connected with the fact that its reducing 
power increases as the temperature rises. 

What has just been said should not be taken to 
mean that each element is completely and succes- 
sively eliminated in the order mentioned, for there 
are laws, such as the law of mass action, for ex- 
ample, that operate to bring about the elimination of 
these elements simultaneously. The oxidation of the 
carbon, for example, evidently begins as the pig iron 
becomes hot metal and certainly before the man- 
ganese and phosphorus have been entirely disposed 
of. 

All that should now be required in order that 
the chemistry of this process may be fixed clearly 
in mind, is a rapid review of the subject included 
in the second lecture of this series “Operation of the 
Furnace” which will now appear in a new light. To 
begin this review, picture a furnace in the course of 
operation which has received its charge of solid 
material for a typical heat. The first effect on this 
charge will be an increase of temperature. The 
lime, or limestone, ore and the lining of the furnace 
all being basic in character, will remain inactive at 
first and continue so, until they will have absorbed 
sufficient heat to raise their temperature to the 
point where decomposition begins. For limestone 
this temperature is 1560° F. while the ore will not 
give up its oxygen until its temperature is near the 
fusion point, about 2550° F. unless it comes in con- 
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tact with reducing agents. The absorption of heat 
by the ore and lime is hindered by the scrap and 
pig iron charged with them. 

This material, being a good conductor of heat 
and exposed to the flame, absorbs heat very rapidly, 
and as soon as the temperature rises above the 
thermo critical range, oxidation of the iron begins, 
this giving rise to the formation of scale. The melt- 
ing point of scale is so near to the melting point of 
the metal, that it remains on the surface until the 
metal itself begins to melt. It is understood, of 
that the impurities contained in the scrap 
These fluids 


course, 
will suffer oxidation with the iron. 
will trickle down over the colder material beneath 


bottom of the furnace. Here together with addition- 
al oxide derived from the scrap and some silica, 
collected from various sources this molten 
This slag 


lime, etc., 
scale will go to make up the first slag. 
poor in silica but exceedingly rich in iron oxides, 
especially ferrous oxides, and containing some lime 
also, is well constituted for the work it had to do, 
and with the addition of hot metal or the melting of 
the pig iron the purification may begin at once. 
From this point you should be able to continue 
this review through the oxidation of the carbon un- 
aided, and in doing so, you will have fixed in mind 
the chemistry of the process much more firmly than 
if you had read the inadequately expressed thoughts 


and will eventually reach any ore or pig on the of someone else. 


ANALYSIS OF OPEN HEARTH MATERIALS 
































Name" an Ar BEE we eS | cr | V Fe. Ni. 
Ferro-Manganese io: 6% 4 preceny paren | a | 11.25 | ..... : 
Ferro Phosphorus aati 7 | 18.56 | 04 87 F 
Ferro Silicon 50% 1.00 | se 06 06 ripe 25 | i, a ee 
Ferro Silicon 15% 1.30 all 02 | 06 | 15.00 | soig, iMaeuaneeey De 8 | 
Ferro Chromium } 1.75 | ik GR Pee ae .. | 67.50 | pan ol 7 ; 
Ferro Vanadium . 5} ee , me _| 9.21 | i ew | 36.94 | aA E 
Spiegel ........... 5.00 | 19.50 | ........... | ntact ae ob | cacti paaamens. | 2 
Pig Nickel | | me tes pean, ae eB, yes _| 99.00 | 
Pig Copper | Ba ciate 3 ony fee | bi aadlsads | 99.5 | | 7 
Basic Pig ....... | 3.75] 150] .26] .035 | 1.25 10 | | | 5 
Acid Pig ...... | 38.75 50} .015| 1020] 2.25] ......... | | |= 
Cast Iron Scrap 2.75 | 1.00 | 50] .050/] 1.50 | ... Se 
Good Steel Scrap .| 35 | 50 | 03 |. 045 | .01 “08 os * 

_ SiO, “4 Oxides Fe & : All | ~CaCo, MgCO,] F e, 0; Al, ‘0, | 
Limestone ....... .80 | 1.00 | 96.00 A ey eee “| 
Raw Dolomite | 1.50 | 2.25 See + Gee! oc I 
Silica Sand ...... -| 95.61 | ia Es: | 50 .20 3.64 50 2 

SiO, | Oxides Fe & Al| CaO > | _ MgO a Insol | R, 0; | Ignition Loss» 
Roasted Dolomite 5.00 | 5.00 | | 51.00 | 35.00 | he | 4.00 
Magdolite .. 5.00 | 6.50 | | 53.00 | 35.00 | 30 
Magnesite ..... 2.00 8.00 | | 3.00 | 87.00 | | 30 
Burned-Lime-stone mre | | 94.70) 14 | 166) 1.34 | 

| SiO, | as Fe.| P. | Sul. | FeO | Cr,O, | C CaF, | CaCo, | : 

Iron Ore . 3.00 | 65.00 | ‘80 aii 04 Yi CAT Gt, eT | 
Chrome Ore 9.00 |Oxides | .... ir 18.00 | 40.00 | Salis  Sibdigisiaie. | ; 
Fluor Spar | 5.00] 2.50} ...| .06| 91.50 1.00 | 





Efficiency when added in 
Furnace Ladle 





DATA RELATING TO MATERIALS USED IN FINISHING STEEL 


Element 


Material Added Percentage of Element in Bath | 


Sought 
Pig Nickel Ni. .00 unless Nickel Scrap is used — = T Wever used 
Ferro Chromium cz: .00 unless Cr. Scrap is used 809 
Pig Copper Cu. .00 unless Cu. Scrap is used 99% 
Stick Sulphur S. 040 Never used 66 %-%0% 
Anthracite Slack is Any desired Seldom used 44%-50% 
Pig Iron C. Any desired 95% Never used 
Pig Iron Mn. 10 to .20 50% Never used 
Ferro Manganese Mn. 10 to .20 50% 85 %-90% 
Spiegel Hot Mn. 10 to .20 Never used 80%-90% 
Spiegel Hot c. .10 to any desired Never used 100% 
Ferro Phosphorus r. .010 Never used "5% 
Ferro Silicon Si. .00 Never used 65 %-70% 
Ferro Vanadium V. | .00 unless V. Scrap is used Never used | %0%-90% 
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Group Versus Individual Driven Rolling Mill 
Stands + 


By R. H. ELLIS* 


The representatives of the electrical manufac- 
turers and others have in the past presented a num- 
ber of papers dealing with the individual drive of the 
roll stand. Some of these papers have shown the 
method of calculating the power required, others 
have discussed quite fully the question of regulation 
and its resulting effect on the loops which are en- 
countered between stands, and Mr. Badlam has pic- 
tured the history of the wide strip mill in which the 
individual motor drive is quite a factor. It is the 
purpose of this paper to point out how present mill 
design is taking advantage of the possibility of in- 
dividual drives and show to what great extent the 
practice is reaching. 

In the past the center of interest has been held 
nearly exclusively by the motor driving the working 
roll, but the individual drive and its resulting tan- 
dem mills have produced problems at the finishing 
end of the mill which are as important, perhaps 
more important that the drives themselves... To 
meet these new conditions, automatic reeling and 
shearing machines have been designed, and before 
closing, I will illustrate some of then. ‘These ma- 
chines are particularly interesting to the electrical 
engineer, as their success is due primarily to their 
special electrical features. 

Considering first the main roll stand. The change 
from group drive to individual drive has not been 
a sudden one, although recent years have seen the 
greatest advance. The desire to simplify the cum- 
bersome rope and large gear drives, resulting when 
driving all the roll stands from one steam engine, 
stimulated the engineer to find a means for group- 
ing the stands together. As the electrical manufac- 
turer designed motors of large horsepower, the mill 
designer replaced the engine with the electric motor. 
The comparatively small size of the motor permitted 
a number of electrical units to take up the space 
originally occupied by the engine. This arrangement 
simplified the mill gear layout, but as the motors 
were constant speed A.C. design, the mill stands had 
to be arranged so that steel was not in all the stands 
at one time. Thus a limited rolling schedule and 
product resulted, with variations of the finished ma- 
terial dependent upon the draft changes at points 
where the mill was non-continuous. 


This improved conditions materially, but it did 
not meet the pressure being brought to bear by the 
insistent demand for reduction in rolling costs, for 
the producing of finished product of longer and 
heavier units, and for mills which could roll a wide 
variety of product with the minimum amount of 
roll changing. 


7 Presented before AI&SEE, February 7, 1930, Youngs- 
town, Ohio. 

* Elec. Engr., United Engineering & Foundry Company, 
Pittsburgh, Pa. 


The A.C. Adjustable speed motor used on small 
hot strip mills, was the first answer to the above 
requirement followed by the design of large D.C. 
motors, capable of producing high horsepower out- 
put, with 2 to 1 or even 3 to 1 speed adjustment. 
These D.C. motors, driven from separate generating 
units, were the final link in making the individual 
drive tandem mill a possibility. Certainly the cost 
of such electrical equipment is high, but the result- 
ant increase in tonnage capacity of the mill, the 
reduction in space requirements, and the flexibility 
of the rolling schedules, amply justify the expense. 


The type of mills most affected by the desire for 
longer and wider finished product, are the sheet, 
merchant, rod and strip mills and it is this type on 
which individual drives have become a necessity. 

How far should this policy be carried? The ulti- 
mate would be a motor for each stand and a sepa- 
rately controlled generator for each motor, this 
would give the possibility of variation of speed by 
means of generator voltage control as well as by the 
motor fields. Such a scheme would not be justified, 
unless the power of the roll stand motors are each 
so high that they required the complete output of 
one generator for their operation. This is not 
uusually the case. It is more usual to group 4 or 5 
motors, say the first four roughing stand motors 
and the last five finishing stand motors as one group 
and control each group from separate generators. 
This gives speed control by the motor fields of each 
motor and generator control of each group of motors. 


Care should also be exercised in not carrying 
the individual drive idea to such an extent that it 
defeats one of the main advantages of the tandem 
mill. The advantage being that these mills result 
in minimum heat loss between roll stands. In the 
roughing train, where the feet per minute travel 
speed of the steel is slow, close clearances are im- 
portant, and any spreading of the stands to accom- 
modate electrical equipment would be detrimental. 
It is therefore, at this point in the mill, where two 
stands are being grouped together and driven by one 
motor, thus permitting the stands to be placed close 
together and obtaining room for the motor and 
necessary gear drive. Between the two stands, 
which are geared together, a draft of definite per- 
centage is required. This counteracts somewhat the 
idea of the individual roll drive, but is least detri- 
mental in the early part of the rolling schedule; and 
the resulting saving in heat loss is the greater fac- 
tor to be considered. 

Individual motor drive is extending farther than 
the tandem mill. Perhaps the ultimate is the re- 
versing mill drive, now being built in which each 
roll is to be driven by a separate motor. 

In this type of individual drive, interest is not 
centered on the ability to run the motors at differ- 
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ent speeds, but rather on the fact that it is impera- 
tive to operate them at identical speeds with regula- 
tion values that are similar. Many mechanical im- 
provements of the mill result. It will eliminate 
the pinions, which are often the cause of considerable 
trouble and it is expected that some variation in the 
diameters of the working rolls will be permissable. 
By using a few pictures it is hoped to better con- 
vey an impression of the developments as mentioned, 
and to give you a picture of a very modern layout. 
The first two illustrations are to show the mechanical 
advantages caused by grouping. The other illus- 
trations are to show the development to -the proper 
combination of the group and individual drive. 
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Fig. 1. This picture shows a 13” Continuous 


mill for rolling skelp, with 10 stands. It represents 
an attempt to use two motors, but still results in 
massive gear trains and rope drives. The motors 
are constant speed, necessitating the roughing stands 
to be arranged so that steel is in no more than one 
group of rolls at one time, and the finishing stands 
are spaced that steel is free of the rolls after each 
pass. (Thus making relatively short Billets a neces- 
sity). 
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FIG. 2 


Fig. 2. Is a 14” mill, designed for about the 
same work as the previous layout, but is interesting 
as more motors are utilized, thus simplifying the 
gear units. The total connected horsepower has 
increased from 5000 to 6750 HP, due to the loss of 
diversity of the load. This shows the group drive 
progress very favorably. 

The most satisfactory group drive is encountered 
in the Bar and Billet or Skelp Mill, in which case a 
roll tram of 10 or more stands are divided into two 
units, each unit driven by one motor and gear drive 
with a main shaft and bevel gearing to each stand. 
These units are usually of relatively low delivery 
speed and turn out a consistent product. 
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FIG. 3 


Fig. 3. Illustrates a 12” and 10” Merchant Mill, 
rolling small rounds, squares, etc. The layout shows 
the three possibilities;—grouped stands,—individual 
stands and—stands arranged for looping. 


The roughing train, four in number, are grouped 
together as one unit. Control of the train as a unit 
is provided by an adjustable speed motor, permit- 
ting the roughing train to be synchronized with the 
intermediate stands, without changing the roll set- 
tings. The intermediate train of 4 stands are in- 
dividually driven and thus become very flexible. 
The next two stands are group driven from one 
motor and the next two stands driven from individ- 
ual motors allows variation controlled by the motor 
speed as well as a looping floor front and back for 
additional fluctuations. This is interesting in the 
picture, but dangerous to those standing around. 
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Fig. 4. This illustration is to represent the mod- 
ern trend and show a recent mill layout. A 14” 
Continuous Merchant Mill designed for a great 
variety of styles and sizes of sections. It represents 
nearly the perfect layout to which I referred earlier. 
The first three roughing stands are group driven 
hut the balance are individually driven and with one 
exception each motor is fed from its own generator. 
The exception being at stand #5 and #6. The 
edgers driven from the same generator as the pre- 
ceding stand are not handicapped by this arrange- 
ment, as their speed adjustment by field control is 
greater than the roll stand itself. The success of 
this mill with its resulting ability to handle looping 
of light material has been a big factor in the general 
acceptance of continuous individual driven mills. 
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Fig. 5. This illustrates the present practice in 
small strip mills. It shows the individual drive 
applied where possible with the grouping into pairs 
where the mechanical requirements make this an 
advantage. 


This mill layout meets the demand for long 
finished units and quick change of rolling schedule. 
Its high delivery speed of from 1250 feet per minute 
to 2500 feet per minute, will permit of high tonnage 
records for light sections rolled. 


The roughing train consists of 5-main roll stands 
and 4-vertical edgers, separated from the 5-stand 
finishing train by means of a looper to give addi- 
tional variation between the units. 

I would draw to your attention the location of 
the Rotary Flying Shear, and Pin Reels, upon which 
the success of the mill depends. Should these not 
function it would be difficult to handle the enormous 
length of steel which the mill is producing. 
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Fig. 6. This shows a stand-progress chart of the 
foregoing mill, with the vertical ordinate indicating 
the roll stand and the horizontal ordinate showing 
the feet per minute delivery speed of the roll. 


Thus is shown a maximum range of from 18% 
ft. per minute on the first edger to 2500 ft. per 
minute on the last stand or an elongation of 135 


times, with say 20% draft on the first edger, gives 
a total elongation of approximately 170. <A 30 ft. 
billet results into a strip of over 5000 feet. 


The problem now, is how to take care of these 
high speeds and enormous lengths. To do this, 
reels have been designed to coil the product when 
desired, and flying shears to cut it into Hot Bed 
lengths of 200 to 300 feet. 

These machines are illustrated on the following 
slides. 

Pin Reels, for reeling rods. This machine, with 
a jaw gripper in place of pins is used for narrow 
strip, where the strip can be handled on edge. 


SPT RPM fer ve ron 


START 


Horizontal Reels of the overhung roller for nar- 
row strip and the double housing type for wide 
strip from 6” to 54” wide; 1/16” to 4%” thick. Coil 
sizes up to 36”. 

Rendleman Flying Shears, for merchant, bars, 
rounds, etc., up to 2” flats, for hot bed lengths. 


Rotary flying shears for small merchant material 
and wide strip to 1.4” thick. 

This last shear is the very latest. It is partic- 
ularly interesting to the electrical engineer, as we 
believe its electrical features are without comparison 
in the steel mill. 

The knife is direct connected to the mill type 
motor and in about 7/8 or a revolution the motor 
reaches a speed of 495 R.P.M. This represents about 
3000 ft. per minute flying speed at the point of con- 
tact with the steel to be cut. 


In the next % of a revolution the forward motion 
of the knife is stopped, and now since the total 
travel has been about 1% revolution, the problem 
is to return it in % revolution to the starting point 
without damaging the machine. At the instant of 
mechanical reversal, reduced power is applied and 
the desired result is attained. 

The acceleration is completed in a 4% second the 
deceleration a trifle faster and the total cycle 1% 


seconds. 
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Group Versus Individual Driven Rolling Mill 
Stands‘ 


By R. H. Ellis 


Discussion 
Discussed by 


R. S. Shoemaker, Superintendent of Rolling Mills, 
American Rolling Mills Company, Middletown, Ohio. 

F. W. Cramer, Chief Electrical Engineer, Republic 
Iron and Steel Company, Youngstown, Ohio. 

S. H. McKee, Chief Engineer, Republic Iron and 
Steel Company, Youngstown, Ohio. 


L. A. Umansky, Industrial Engineering Department, 
General Electric Company, Schenectady, N. Y. 


G. P. Wilson, Steel Mill Engineer, Westinghouse 
Electric & Manufacturing Co., East Pittsburgh, Pa. 


F, W. Cramer: Rather than start the discussion, 
[ would like to offer a suggestion on some discus- 
sion I would like to hear on this subject. 

We, in the electrical end, talk of motors, the 
different types of drives. Mr. Ellis, in his paper, 
pointed out several other things that influence this 
type of drive. I would like to hear in the discus- 
sion from the operating end of the mill relative to 
the advantages and disadvantages on the steel itselt 
with these variable speed drives. 

In some places I know there is a very distinct 
advantage if we can split up the stands, put a motor 
on each one. In other places that advantage dis- 
appears. I know there are certain cases where there 
is room limitation of the mill which make it such 
that you just have to group certain stands, unless 
you revamp your whole mill, and I know there are 
places in the Youngstown district here where room 
is very scarce when it comes to putting in mills, 
and you pretty nearly have to make a mill to svit 
the room, and I would certainly enjoy hearing some 
discussion along those lines. 


S. H. McKee: Mr. Chairman, I don’t know that 
there is anything in particular that I can add to 
the very able paper as presented by Mr. Ellis. How- 
ever, I am very much interested in the subject as 
I believe all steel plant engineers are. I know from 
the representation you have here today that the elec- 
trical engineers are also interested in the subject. 

There is, as Mr. Cramer pointed out, another 
group whom I believe are as interested as either the 
mechanical or electrical engineers, and I refer to 
the operating superintendent, the roller and his crew. 

It seems to me that there is a place in the picture 
for both the individual and group drive, and in 
selecting a drive for any particular installation, there 
are a number of factors that must be considered in 
making the decision. I am sure, however, that if 
you left the matter strictly up to the roller, and he 
was absolutely assured of speed control, on each of 


+ Presented before A. I. & S. E. E., February 7, 1930, 
Youngstown, Ohio. 


J. A. Buell, Chief Engineer, Morgan Construction 
Company, Worcester, Mass. 

C. C. Wales, Chief Enginecr, Otis Steel Company, 
Cleveland, Ohio. 

J. H. Van Campen, Chief Engineer, Republic Steel 
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R. H. Ellis, Electrical Engineer, United Engineering 
& Foundry Company, Pittsburgh, Pa. 

R. M. Hussey, Superintendent of Rod and Wire 
Mills, Jones & Laughlin Steel Corp., Aliquippa, Pa. 


his roll stands, that he would vote for the individual 
drive on each stand. However, there are a number 
of types of heavy continuous mills in which it is 
pretty hard to justify the additional expenditure of 
the individual over the group drive, particularly on 
the roughing, and this may extend pretty well 
through the finishing. 

On small continuous or semi-continuous mills I 
would vote with the roller, because with an individ- 
ual drive on small continuous mills, the roller has 
greater flexibility in setting up his mill, particularly 
with regard to roll diameters and reductions. This is 
a factor in roll costs. It is also a factor in lessening 
the number of roll changes. 

On semi-continuous mills, rolling a great variety 
of sections, it is also very convenient to have the 
individual drive for there are very few sections that 
require the same speeds and reductions. Also a mill 
of this kind is capable of absorbing new business 
very easily and we all know today that we get a 
lot of calls for new sections. 

On a semi-continuous mill employing a Belgian 
train of strand and finishing, I believe that the roller 
is much better off if he has complete control of the 
individual stands in his strand and finishing. This is 
a rather hard thing to do, but if it can be arranged 
it allows the roller complete control, of his loop and 
he is able to finish at a more uniform and _ hotter 
temperature, or he may be able to finish a longer 
piece. This will lessen, to a certain extent, the scrap 
loss, and will improve the yield and will be a factor 
in costs above per ton of steel rolled. 

However, no matter what our choice may be, it 
is rather difficult at times, due to limited space or 
local conditions, to get perhaps just what we want, 
but on small continuous and semi-continuous mills 
where it is possible, I believe I would prefer the 
individual drive. 

L. A. Umansky: It is rather difficult to con- 
tribute anything brand new to what has been already 
so ably presented by Mr. Ellis. I will therefore 
limit my few remarks to the review of the engineer- 
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ing features, here discussed, from an economic stand- 
point. 

Why, may we ask, has there been, during the 
post-war period, such a radical change in the mill 
design and, as a sequence to this,—in the type of 
electric drive? Up to a decade or so ago, a conven- 
tional drive consisted of one big motor—seldom 
more—driving a number of mill stands through line- 
shafts, gears, belts and so forth. And now we often 
use a separate motor per stand. 

It was quite customary for many large users of 
steel to place their orders several months, or even 
a year in advance. The rolling mills could then 
plan their production beforehand, rolling a large 
tonnage of each section for days or weeks at a time. 
Under such circumstances the loss of time contingent 
on roll changes and mill set-up was not a severe 
handicap. Old fashioned mill design and _ simple 
electric drives were quite in order. 

Now the consumers of steel are buying “from 
hand to mouth.” Their inventories are kept low. 
It is not unusual for an automobile maker to have 
on hand less than one week’s supply: strip or sheet, 
rolled here, in Mahoning Valley, on Monday, may be 
converted at Detroit before the week is over, into a 
fender, running board, or an automobile body. 

The steel makers may like or dislike this method 
of buying; in either case they must adapt themselves 
to the market conditions. To change orders 15-20 
times in a day on an old fashioned mill and yet keep 
the tonnage high and the costs low—is economically 
impossible. Flexibility of mill design becomes a 
necessity; individual, adjustable speed motor drives 
solve the problem. While roll change may take 
hours, the change of speed ratio of several motors 
takes but a few minutes. 

While it is true that an up-to-date mill, with in- 
dividual motor drives, etc., may cost much more than 
a pre-war equipment, it actually turns steel at a low- 
er cost per ton than was heretofore possible. The 
reason is simple: One such modern mill may roll a 
range of products that would otherwise require two 
or three old fashioned mills; the total investment 
may be actually reduced. The man power per ton 
is cut down; the new mill is apt to operate more 
hours per month than any one of the older mills. 

Thus, we see, it is the market conditions, the 
economics, that have stimulated as usual, the tech- 
nical development. 

And then, after the engineers went through their 
task, they not only met the economic requirements 
but have bettered the economic situation itself. 


R. S. Shoemaker: I must have been looking over 
the cards when that particular paragraph was read. 
I didn’t hear Mr. Ellis read this paragraph which I 
had noted before in his paper. “Individual motor 
drive is extending farther than the tandem mill. Per- 
haps the ultimate is the reversing mill drive, now 
being built in which each roll is to be driven by a 
separate motor.” 

There is a large blooming mill equipment being 
built, I believe, for the Chicago district, where each 
roll has an individual motor. It is quite an interest- 
ing application and one is being built. I think there 
are several others contemplated, and possibly we 
could bring out some discussion on that point. Is 
there anybody here from the Westinghouse Company 


who would feel free to give us a word on that sub- 
ject? It is something very new. 

G. P. Wilson: Before describing the twin-motor 
drive for reversing mills, as requested by your Chair- 
man, I would like to point out, in connection with 
Mr Ellis’ paper, some of the things that have im- 
pressed me very much, as well as some of the re- 
marks, particularly those of Mr. McKee’s and Mr. 
Cramer’s, and that is that the proper kind of equip- 
ment and successful operation of any mill is a three 
fold responsibility, namely, the steel manufacturer, 
the mill builder, and the electrical manufacturer. 

I am impressed with this fact every day, in mak 
ing applications to steel mill drives. It seems to me 
there is not quite as close co-operation between these 
three interested parties as there should be. I am 
convinced that if we had a thorough understanding 
of every mill design and operating problem, that we 
would save a considerable amount of money not 
only to the mill builder and steel manufacturer, but 
also to the electrical manufacturer. There is hardly 
ever a problem in mill design or mill operation but 
that the electrical manufacturer is often handicapped 
because he does not have all of the information 
which the steel manufacturer has nor all of the de 
tails which are in the hands of the mill builder. 

I recall working on a project not very long ago 
which involved motors and other electrical equip- 
ment, and when it came to applying the electrical 
equipment, there was offered an improvement that 
would have saved a considerable amount of money 
and would, no doubt, have made a much better mill 
than the one which the purchaser bought, but, un- 
fortunately, the mill had been purchased, and we 
were unable to adopt ideas which would have been 
beneficial to this steel manufacturer. So I wish to 
impress upon you the importance of this close co- 
operation, because I really believe that in the future 
development of the steel industry, you are going to 
find it very beneficial if you take into consideration 
all three of these interested parties before any 
definite step is taken. 

The success of this co-operative idea has been 
thoroughly proven in the case of the twin-motor 
drive. The electrical manufacturer of the twin- 
motor drive had certain ideas and to incorporate 
these ideas required that the mill be designed to 
suit them. There has been a very close co-operation 
on this particular installation, and I must say that 
I believe that this is the only time there has been a 
definite stand taken that the mill builder, the steel 
manufacturer and the electrical company co-ordinated 
their ideas before the contract was let. 

The twin-motor drive is not an entirely new 
idea. It has been experimented with to a very 
slight degree in England. It also parallels to some 
extent the parallel operation of generators on single 
armature motors. Its advantages, I am quite sure, 
are understood by most steel producers, electrical 
men, and mill builders. There is no question but 
that you can use two rolls more often and with 
less maintenance with the twin-motor drive’ than 
you can with the ordinary pinion where you have 
to match the rolls. You can vary the speed of the 
motors and use different diameter of rolls. Another 
advantage, and one which Mr. Ellis has mentioned, 
is that you eliminate the pinion and its losses. 

There is no doubt but what the mill builder has 
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developed the pinion to a much higher degree of 
perfection than it was a few years ago, yet there 
is still some trouble and maintenance and a con- 
siderable cost for the pinion. 

The pinion gear has always been a great source 
of annoyance, and we believe will continue to be 
even with improvements which have been made in 
its design and construction. This is partially due to 
the fact that the bearings will continue to wear in 
service and cause misalignment and result in accum- 
ulative wear of both the pinions and the bearings. 
These parts when they become worn also cause 
vibration of the entire drive. This in time will be 
reflected back into the reversing motor to such an 
extent that it may become damaged. 

In addition to eliminating the defect resulting 
from worn bearings and gear, the twin-motor scheme 
will remove the necessity of keeping a spare pinion 
in stock, and also eliminates the elaborate lubrication 
system which is required for a pinion to successfully 
operate, thus reducing fixed charges and main- 
tenance. 

The power loss in the pinion stand, I believe, you 
will agree with me will vary widely with the me- 
chanical condition of the pinion gear and bearing. 
Some pinions have been estimated to have a loss of 
as much as 5 per cent or more of the output of the 
mill motor. Naturally, the twin-motor drive will 
eliminate these losses. 

The mill that is going in at the Illinois Steel 
Company’s plant is not completely designed yet. 
There are certain problems that have to be worked 
out, and fortunately, we have the co-operation of the 
mill builder and the steel manufacturer in solving 
these problems. It is intended, however, to use 
standard steel mill double armature motors, thus 
requiring no radical change in design. <A _ simple 
means of obtaining speed regulation is incorporated 
in the control. Due to the necessity of keeping a 
minimum angle at which the universal spindle 
operates the diameter of the motors are made as 
small as possible. This feature of design results in a 
low inertia and permits of a larger percentage of 
torque available for rolling steel than the single 
armature motor will permit. This is an advantage 
inasmuch as less torque is required for accelerating 
the twin-motor armature. This idea of co-operation, 
which is working so successfully on this installation, 
can be carried out in practically any mill that is 
being installed. It has not been done in the past, 
and I wish that all you men would think about this 
idea and see if you can’t assist in arranging some 
means of co-operation which will in all cases take 
place between these three interested parties. 

F. S. McCune: I would like to ask Mr. Ellis 
how far he thinks the individual roll drive has possi- 
bilities beyond the blooming mill drive. The question 
of unequal roll wear is one, of course, that is very 
important. It means special spindling or some sort 
of a slip arrangement, and I would just like to ask 
him how far he has considered that phase of the 
subject. 

R. H. Ellis: Just how far the individual motor is 
going to go, we don’t know, and I think we are a 
little inclined not to want to say. The first actual 
purchase of equipment is for the blooming mill. It 
may be the hardest job of all. If you take a non- 
reversing continuous mill, is should be easier to do 
on that type of mill than it would be on a reversing 


mill. The expectation is that the practice will go 
right along on all sizes and types of mills, The 
steel plant men have one aversion to it. The design- 
er, and probably the electrical man, would like to 
put the motor on each side of the mill, but the steel 
plant roller says, “We can’t use a motor on that 
side of the mill.” He wants one side clear, for the 
roller to handle the steel. If you can talk your mill 
roller out of the idea that he has to have that side 
entirely clear, then I believe the individual motor on 
each roll will be used considerably for any and all 
types of mills. 

When you install both motors on one side. It 
means that one motor has to be higher than the 
other. You will run into spindles that have to be 
built on an angle, and that causes a little additional 
problem in mechanical layout. It is not so bad in 
the blooming mill because the upper roll has to 
move considerably anyhow, and you take care of it 
with a long spindle. The twin-motor necessitates a 
little bit of a drop on the lower spindle, and a little 
extra rise on the top spindle. 

Chairman Shoemaker: If we could have the strip 
mill, or whatever it may be, guarantee not to make 
any cobbles , then I think the operating men might 
be willing to put motors and drives on both sides, 
but until that time, either the mill manufacturer or 
we operating men can guarantee that we won’t make 
any cobbles, especially in long-strip material, I think 
we will probably have to stay at one side. 

C. C. Wales: I hadn’t particularly intended to 
say anything today about drives. ‘This matter of 
continuous mill drives is, of course, very interesting 
to our company, and we feel that the advantages 
and disadvantages of using different types of drives, 
that is, individual drives, and so on, depends entirely 
on a very intimate knowledge of the conditions of 
rolling, that is, how much reduction you are going to 
take, how long your slabs are going to be, what 
your drafts are going to be, and all that sort of 
thing. 

I think every case is different. ,I think that the 
tendency to go to an extremely long slab is not in 
all cases a good thing, because the advantage gained 
in better yield on the mill is so small that it is over- 
balanced by the fact that if you have a cobble once 
in a while, a gain in yield by using a long slab is 
wiped out, and of course, from an operating stand- 
point, flexibility is important. Nowadays with many 
companies building wide mills, the necessity for flex- 
ibility is important. We can’t roll what we want to 
roll. We must roll what the customer wants, and 
there is a feeling, as we go along, that more attention 
must be paid to flexibility; therefore, the individual 
drive is important from that standpoint. 

On the other hand, there is the capital investment 
to consider. It is sometimes very hard to show a re- 
turn on investment on slow-speed motors on rough- 
ing stands, and while it may not look like a good 
thing from the roller’s standpoint or the operating 
man’s standpoint, it is wiped out by the actual fig- 
ures as they show up. 

I think every company’s case is different and the 
decision can only be arrived at by very thorough 
analysis based on a very intimate knowledge of roll- 
ing mill conditions, what you intend to roll, what 
graphs you propose to take, and some speculation as 
to what the future is going to be. 
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In this switchover from, you might say, multiple 
operation to series operation in mill, reliability is 
very important. It is probably the most important 
thing, because where you get a large number of 
operations in series the chain is only as strong as its 
weakest link, and there again I believe the thing is 
in favor of individual drives. 

I think that is about all I have to say about it 
today. 

J. A. Buell: I just happened into this meeting by 
chance, and I hardly belong in this distinguished 
electrical engineering crowd. 

The motor-drive on any kind of a mill, of course, 
is a substitution for the old steam engine that used 
to go on the end of the shaft and that naturally 
was one drive for a mill, as the development of the con- 
tinuous mill came forward there was a great change 
in the purpose of the mill. Diversity was put into 
the continuous mill. 

The early Belgian mill that rolled pretty nearly 
anything from soup to nuts, of course, had enough 
passes to give extreme flexibility, and not much ton- 
nage, and lots of work. Then the continuous mill 
came along as a single purpose mill, mostly for large 
tonnages, low labor, and in some cases not very hi- 
quality, and that was partly due to the fact that the 
quality wasn’t demanded. Any one keeping in touch 
with his trade has to do what the trade demands, 
whether he has the incentive or not. 

The more recent development, possibly in the 
past eight or ten years, has been to introduce diver-- 
sity into the continuous mill to make it more flex- 
ible in product, and to produce higher quality prod- 
uct and still keep the cost of conversion within about 
the same limits as when the quality was not as high. 
This I think was the beginning of the demand for 
separate drives on the continuous mills. 

This started on the finishing ends first where the 
speeds were high, where gear troubles developed, and 
in pretty nearly all of the early continuous mills the 
finishing ends were driven with belts which caused 
a good bit of trouble and which were limited in 
horsepower to some extent. The more recent con- 
tinuous mills, delivering up as high as 4,000 feet, 
are entirely gear driven, if not driven with individual 
motors. 

One of the first reasons for putting individual 
drives on the finishing end was the fact that the 
higher speed motors were. smaller, were cheaper and 
could be grouped closer together. In the first part 
of the mill at the roughing end, where you have 
comparatively low speeds it is impossible to get a 
motor driving direct on the No. 1 stand and this in- 
troduces, usually, a bigger gear reducer than if it is 
driven through a lineshaft. 

The relationship between the motors has to be 
very closely regulated, and the regulating devices 
that have been developed by electrical manufacturers 
are very close and accurate in regulation but have 
to be set, and the old-time mill men didn’t want 
quite so much apparatus to look after. I know one 
old rolling mill man who has been in the game 
forty years, I guess, and is about through. He said 
that they were getting so many “hickies” on the 
mills that he could hardly keep up with them any 
more, and, of course, when you have sixteen to 
twenty stands, and have that many separate regulat- 
ing devices, it does introduce a problem of correlat- 
ing each stand to the one in front and behind it. 


In some mills the product is flexible enough to allow 
a loop and have a little come and go. In the other 
mills where the product is stiff during the early re- 
ductions, pushes and pulls between stands always 
affect the finished product in section. 

How far the introduction of the individual drives 
will go is still a question. It is partly a question 
of economics—the driving of five to seven stands, 
or four to seven stands in the early part of a mill 
with a gear drive is without question cheaper in the 
first installation, and that has to be considered. It 
is probably cheaper in upkeep. The introduction of 
heavier work per stand is a factor in the introduction 
of individual drive motors because of the gears. 
Gears, with the materials we have to make them out 
of nowadays, are limited in how much horsepower 
you can put through a pair of gears on a spiral 
bevel drive. Some of these drives are taking up to 
possibly 2500 horsepower per pair of gears, but | 
was in hopes this morning that I would hear some- 
thing in the nitriding paper that would give us a 
little hope on surfaces, but I didn’t hear anything 
encouraging in that paper. 


J. H. Van Campen: I think the papers which we 
have just heard cover a very interesting subject. My 
personal opinion is that each type of drive has its 
place, and different types of mills require different 
types of drives. 

Some types of mills are designed for three, four, 
or five speed ranges. They may have it down to 
two or they may have it down to one; so, in my 
opinion, there still is a question whether the individ- 
ual motor driven mill has its place for each stand, 
particularly on a Roughing Train as applied to Hot 
Strip Mills. 

Take Hot Strip Mills, particularly, for an illus- 
tration, there is no question about it that on the 
finishing end you need a wide speed variation; 
whereas, on the roughing end it is a question. Take 
the roughing end of the mills for instance, with say, 
five or six roll stands, invariably the stands are so 
placed for the first two or three passes that the slab 
is not in these two or three stands at one time. 
Result is that you don’t need that speed variation in 
those stands. In the balance of the stands in the 
Roughing Train, there is no doubt, the piece would 
be in two or more at one time. There you need a 
certain amount of speed variation. This can be 
taken care of by varying roll diameters. You could 
put the rolls in the last stands and when the wear 
is beyond the diameters required, these rolls could be 
moved forward into the other stands, and in that 
way, compensate for the speed variation required. 

Many times you will find on a mill where the 
roughing stands are driven by one variable speed 
motor, that upon checking back, the operation is 
carried through with that motor set on one speed 
point continuously, as they find that it is not neces- 
sary to have variable speed. 

G. P. Wilson: There has been a tendency be- 
cause of the fact that the synchronous motor has 
been very highly developed, to apply the synchron- 
ous motor and get exactly the same result as if you 
have a lineshaft to the synchronous motors. It will 
not drop its speed, so you can simplify your gear- 
ing and cut out a lot of the lineshaft by applying 
synchronous motors to the roughing stands, and this 
is being advocated on some mills. 
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F. W. Cramer: I would like to ask Mr. Ellis a 
question on this bloomer. On the ordinary reversing 
blooming mill, we have the one large armature and 
the pinions. On your new design you have eliminated 
the pinion and you have two small armatures. On 
your starting, stopping and reversing, does either 
one have a distinct advantage or do you wind up 
about the same place? 

R. H. Ellis: I think perhaps the electrical manu- 
facturers might answer the question on starting and 
stopping, but there is another issue involved in a 
big blooming mill, the motor equipment with 4,000,- 
000 foot pounds of torque on it, requires a very big 
pinion housing. Eliminating the pinion housing is 
the important gain in the mechanical end. Whether 
it has any complications in starting or stopping the 
two different motors, I think Mr. Wilson can answer. 


F. W. Cramer: I meant in time. 

R. H. Ellis: I don’t think there is any advantage. 
It ought to be just as good, but I really didn’t go 
into the figures. The electrical company took care 
of that end of it. 

F. W. Cramer: What are your figures? Is there 
any advantage on starting, stopping or reversing? 


G. P. Wilson: ‘The flywheel effect, of course, is 
smaller with the twin-motor drive than it would be 
with the individual motor-driven mill, due to the 
fact that you have your W R square loss on the 
individual twin-motor drive. ‘There is no starting 
difficulties, however, in applying the twin-motor 
drive. ‘Che control is fairly simple and very much 
like the single-motor drive. The idea is somewhat 
the same as applying double generators to a single 
armature, single armature reversing wind, so that 
there is no particular difficulty in starting or 
matching the speed, as the speed of the two motors 
are identical. 

R. M. Hussey: Keferring to the question that 
Mr. Cramer just asked, I don’t believe you got the 
answer to it. It is my understanding that although 
the W R square of the combined twin-motor drive 
is less, as you would expect, the fact that it is less 
is not a determining factor in the speed of reversal. 
It is my understanding that the speed of reversal is 
determined more by field characteristics than it is 
in the W R square in the revolving element. 


L. A. Umansky: Mr. Hussey’s question is right 
to the point. The'speed of reversal of a, say, bloom- 
ing mill motor does not depend so much on the 
mechanical inertia of its rotating parts, as we are 
apt to think. In a paper which I was privileged to 
present before this Association a few years ago, | 
have pointed out, by means of a typical example, 
that if it were the problem of mechanical inertia 
alone, a mill motor could be reversed from full speed 
ahead to full speed reverse in less than one second; 
in other words, the speed of reversals would not be 
a problem at all. 

The real problem confronting the electrical manu- 
facturers in this respect is the so-called “magnetic 
inertia,” i.e. the ability of fields of the motor and of 
the generators to build up quickly and to die down 
equally fast. Here is where most efforts were con- 
centrated and where most noticeable progress was 
made. 


It is quite fair to state that an up-to-date electric 
drive, with properly designed control, will reverse as 
fast, or faster than rolling conditions require it. 
Thus, the mill tonnage is again made contingent, 
not on the main roll drive, but on the speed with 
which the steel is manipulated between the passes. 

If the WR? of the reversing motor is considered, 
it should be brought into the picture in an entirely 
different light. Assume that your motor is good 
for a maximum operating torque of, say, 2,000,000 
lb.-ft. or any other like value. Where is this torque 
developed? The answer is: in the motor armature 
itself. If the motor runs at a steady speed, then the 
full value of this torque is available at the coupling: 
the terms “motor torque” and “torque at the shaft” 
then coincide. But, on the other hand, if the motor 
should take a heavy draft and, at the same time, 
should be accelerated, (and this is the manner in 
which all blooming mills are operated), then of the 
total “motor torque” a portion should be reduced in 
order to accelerate the armature at the desired rate 
and only the balance will be left “at the shaft” to do 
some useful work. Thus, for a given “guaranteed 
maximum operating torque” the motor with a greater 
WR? will either force the operator to accelerate the 
mill with the steel in the rolls at a lower rate, or— 
if the rate of acceleration is to be maintained—will 
force the operator to reduce the drafts. In either 
case the mill tonnage might be sacrificed to a cer- 
tain degree if the motor WR? is excessive. 

It is on this basis only that the various values of 
motor WR? and of the maximum torques should be 
jointly compared and analyzed. But the “speed of 
reversal” is not a measure of the motor WR?; it is, 
in reality, the function of control. 

And now let us face the problem of single-unit 
vs. double-unit, or even four-unit reversing motors. 

It should be admitted, to begin with, that on an 
equal basis, the single unit motor is somewhat more 
efficient than its double-armature counterpart; this 
can be readily understood by remembering that the 
relative length of the armature end-connections is 
reduced, and therefore, the copper losses are also 
reduced. Say, the full load efficiency is improved 
from 91% to 92%. 

It is questionable in my own mind whether such 
improvement represents anything tangible, even from 
the standpoint of power saving. The load on the 
reversing motor is not steady, but fluctuates rapidly 
and frequently from zero to maximum. The I?R 
losses at high peak loads are what really count, 
while the losses or efficiency at “rated load” are 
correctly estimated, but meaningless values. 

Now a single unit motor is apt to have a larger 
WR?’, everything else remaining equal. This means 
that in order to develop the same useful torque at 
the coupling while accelerating with load, this motor 
will draw a heavier current than a double unit ma- 
chine. Thus in the formula for copper losses (I?R), 
in the case of high accelerating peaks, the single 
unit motor will have a lower value “R”, but a 
higher value “I”. This fact should bring the actual 
operating efficiencies of the motors much closer to- 
gether than the “full load” or “paper efficiency” 
would imply. 

Under the circumstances I would be inclined to 
disregard this matter of efficiency, as usually defined, 
of a reversing motor in comparing the single Vs. 
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double-unit drives. First cost and relative commu- 
tating ability should determine the choice. 

Now, everything said in respect to the double- 
unit motor applies to a still greater extent to the 
4-unit construction adopted for the South Chicago 
54” mill. The cost will go up; space requirements 
will be undoubtedly very much larger; but if the 
elimination of the mill pinions and a separate drive 
for each roll is considered as an advantage, then 
this scheme has its own legitimate field. 

It is, of course, particularly well adapted to such 
large mills, like the 54” mill in question. But if the 
mill is only of, say, 40” size, then the vertical dis- 
tance between the center lines of the two motors 
becomes more limited and the maximum permissible 
motor diameter becomes quite small. Now, the mo- 
tor torque drops off more rapidly than the first 
power of its diameter. It may become necessary to 
split each of the two drives into two units, thereby 
providing say, four 1750 H.P. motors instead of one 
7000 H.P. unit. The expense involved may not 
justify the expected results. Generally speaking, the 
smaller the mill, the less justification there is to 
go to type of drive which was quite in order for 
the Chicago mill. 

As to the means of controlling the two or four 


motors together, this is not a very complicated prob- 
lem for the electrical engineers to solve. In fact, it 
has been already solved in a number of instances, 
quite a few years ago. At your own weldpipe plant, 
Mr. Hussey, you have two 15 H.P. D.C. motors each 
driving one roll of a cross-roll mill; nothing but the 
pipe itself provides a mechanical tie between the 
two drives; both motors are even reversing. And 
yet both are running at the same speed, and both 
divide evenly the total load. 

Several tube expanding mills are similarly equipped 
with two 1500 D.C. motors, one motor per roll. 

\ still better example is the reversing slabbing 
mill at Steubenville, where one 7000 H.P. and one 
1750 H.P. are driving separately the horizontal and 
the vertical rolls respectively. both sets of rolls are 
free from each other, but work together on the 
same ingot. 

Finally, the wide flange beam mills at Lacka 
wanna and at Homestead have also separate drives 
for the main and for the supplementary rolls. 

The successful operation of all these mills should 
leave no doubt that from control standpoint there 
is no trick whatsoever to drive each roll of the 
reversing mill by a separate motor. This problem, 
in all its essential parts, has been already solved. 


ltems of Interest 


PERSONNEL CHANGES 

W. H. Davey has resigned as president of the 
Empire Steel Corporation, Mansfield, Ohio and has 
been succeeded by C. H. Henkel, Mansfield attorney, 
formerly executive Vice President. 

Stanley H. McKee has resigned as Chief Engineer 
of the Republic Steel Corporation. Mr. McKee 
started with the Republic Iron and Steel Company 
twenty-five years ago as a draftsman. 

John H. Barker, representing The LaBour Com- 
pany, Inc., Manufacturers of self priming pump has 
been moved to the Tribune Building, at 154 Nassau 
Street, New York, N. Y. 

W. M. Kelley, Master Mechanic of Jones and 
Laughlin Steel Corporation, Aliquippa Works, has 
resigned to accept a position with the Republic Stee! 
Corporation at Youngstown, Ohio. 

FE. A. Hurme, District Manager, Clark Controller 
Company, Pittsburgh, Pa., has just returned to the 
United States from a business trip through the 
European Industrial centers. 

J. A. Northwood, an active member of the A. L. 
& S. E. E. Safety Engineering Division, has just 
recently been appointed the Management’s represen- 
tative of the Sparrows Point Plant of the Bethlehem 
Steel Company, Sparrows Point, Md. 

James S. Fenton has been promoted to the posi- 
tion of sales engineer of the New York Office of 
the Reliance Electric & Engineering Company, Cleve- 
land, Ohio, manufacturers of alternating and direct 
current motors. 

R. L. Hermann, formerly Transportation Man- 
ager of the Southwestern District, Westinghouse 
Electric and Manufacturing Company, has recently 


been appointed Heavy Traction representative, with 
headquarters in New York. With the exception of 
three years of service in the army, he has been con 
tinuously identified with the Westinghouse Company 
since his graduation from the University of Illinois 
in 1915, 

J. T. Osler, president of the Continental Roll & 
Steel Foundry Company, has announced the appoint 
ment of H. A. Lomax as general manager in charge 
of the Wheeling Mold & Foundry division of the 
company. Mr. Lomax formerly was associated with 
the Duquesne Steel Foundry Company, Pittsburgh. 


The Continental company recently was formed 
through a consolidation of the Wheeling and Du- 
quesne companies and of the Hubbard Steel Foundry 
Company, East Chicago, Ind. 

The Brown Instrument Company announces with 
regret that Mr. George W. W. Cornman, Treasurer 
and Manager of the Service Department of The 
Brown Instrument Company, will retire from busi- 
ness, effective August 8, 1930. 

The Service Department will be in charge of Mr. 
R. C. Kennan as Manager, and Mr. E. T. Nahill as 
Field Supervisor. 

E. J. Best has joined the staff of Freyn En- 
gineering Company and has gone to Leningrad, 
U.S.S.R., to join the group of Freyn Engineers who 
are rendering consulting service to Gipromez, the 
Soviet organization in charge of the projection of 
new iron and steel plants. 

C. E. Hilkert has been appointed manager of the 
recently created by-products division of the Republic 
Steel Corporation, it is announced from Youngstown, 
Mr. Hilkert formerly was with the Central Alloy 
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Steel Corporation at Massillon. As manager of the 
by-products division he will have charge of sales 
of the coke and all coke by-products including benzol 
and ammonia sulphate, scrap brass, cinder and other 
mill waste, and second-hand and old machinery. The 
headquarters of the new division will be in Youngs- 
town. 

E. C. Wilson formerly in charge of the pricing 
group of the Gear and Reducer Division of Foote 
Bros. Gear and Machine Company, Chicago, has 
recently been appointed Assistant Sales Manager. 
Mr. Wilson was until 1929 Assistant Sales Manager 
of the R. D. Nuttall Company of Pittsburgh, Pa. 


Carl G. Ohlson of Youngstown, Ohio, will 
become associated with Morgan Construction Com- 
pany, Worcester, Massachusetts, as Assistant to its 
Vice President, Mr. J. W. Sheperdson, on the first 
of September next. 

Mr. Ohlson has been connected with Youngstown 
Sheet & Tube Company for fifteen years, during the 
last five years of which in the capacity of Consulting 
Engineer. 

Twelve steel mill engineers sailed on the Bremen, 
July 1%, on the first lap of their journey to the 
U.S.S.R. These men comprise the first of several 
groups of engineers Freyn Engineering Company is 
sending abroad in connection with its contract to 
design and build a complete steel plant at Kuznetsk, 
Siberia. 

The people composing this group are: Arthur O. 
Baer, Franklin Glenn, George W. Campbell, Alex- 
ander A. Burrell, Theodore A. Hoffmeyer, Walter M. 
Lundergan, Joseph FE. Brown, A. B. Neumann, Mr. 
and Mrs. A. S. Hellstrom, Alexander Manus, Oscar 
Johnson and Mr. and Mrs. A. J. Winetz and daugh- 
ser. 

Part of this group will be located at Moscow and 
the remainder at Kuznetsk, the site of the new plant. 
A second group of engineers will sail within a few 
weeks. 

Theodore Dreier, graduate of Harvard, and for 
the past five years an electrical engineer at the Gen- 
eral Electric Company in Schenectady, N. Y., has 
been appointed Assistant Professor of Physics at 
Rollins College for the coming year, it is announced. 
Mr. Dreier will fill a vacancy caused by the death of 
Dr. William S. Franklin in June. 

E. C. Gainsborg, formerly Pittsburgh Repre- 
sentative of the SKF Bearing Company, has recently 
been appointed Pittsburgh District Manager of the 
Cleveland Crane & Engineering Company with 
offices located at the Farmers Bank Building, Pitts- 
burgh, Pa. 


WITH THE MANUFACTURERS 


The Combustion Engineering Corporation have 
prepared a new catalog which presents a detailed 
and well illustrated description of the C-E Fin-Tube 
Economizer. Copy of the catalog may be obtained 
by interested parties by writing the above concern 
at 200 Madison Avénue, New York. 

The Swindell-Dressler Corporation composed of 
the William Swindell and Brothers, American Dress- 
ler Tunnel Kilns, Inc., The Gas Combustion Company 
and the Duquesne Burner Service Company, are dis- 


tributing a very attractive booklet entitled “80 Years 
of Progress.” The booklet gives the brief history of 
the individual companies forming the corporation as 
well as a list of the officers of the new corporation 
telling their past connection with consolidating com- 
panies and their duties with the new corporation. 
Copy may be obtained by writing Swindell-Dressler 
Corporation at Pittsburgh, Pa. 

A new bulletin just off the press which describes 
and discusses the de Florez System of Remote Man- 
ual Control is being distributed by The Brown In- 
strument Company of Philadelphia. Copy of this 
bulletin 7520 may be obtained on request. 

The 1930 issue of Catalog No. 80 “Resistance 
Thermometers” which treats in detail of Leeds and 
Northrup Resistance Thermometers for recording, 
controlling and indicating temperatures may be se- 
cured by writing the Leeds and Northrup Company 
at Philadelphia, Pa. 

“Color to Lengthen Motor Life” is the title of a 
new mailing. piece prepared by The Reliance Electric 
and Engineering Company of Cleveland, O. ‘This is 
a new idea advanced by The Reliance Electric and 
Engineering Company to obtain steadier operation 
and longer life from motors. The Reliance orange- 
colored enamel is used on direct-current motor wind- 
ings so that maintenance men can detect trouble- 
making dirt at a glance. Copy of the new mailing 
piece describing this new idea may be had by writing 
the above company. 

“The Hump Method for Heat Treatment of Steel” 
is the title of a new 40-page catalog No. 90. This 
new issue is similar to the last edition except that 
it contains a presentation of the problem of control 
of the rate of heating above the critical with the 
same precision as below it. Copy of this new edi- 
tion of Catalog No. 90 may be obtained by writing 
Leeds and Northrup Company at Philadelphia, Pa. 


HEAVY DUTY BUCKET 


The Erie Steel Construction Company have de- 
veloped a new Clamshell Bucket for heavy duty 
service. This bucket will be known as a Heavy Duty 
Clamshell Bucket and it is similar to the other types 
of lever arm buckets excepting that it is much more 
rugged in construction. It is built to stand up under 
the severest kind of abuse and service which is 
usually found around steel mills and industrial plants. 

It is of all steel construction and has the sheaves 
at the extreme end of the power arm where they will 
exert the greatest amount of leverage. The ropes 
have straight leads without S bends. S bends cut 
cable life 40 to 50 per cent. The Heavy Duty 
Bucket can be reeved with 3, 4 or 5 parts of closing 
line. The number of parts of closing line together 
with the lever arm makes the bucket a powerful 
digger as well as speedy in operation. 

The head of the bucket is made for great rigidity 
and strength. It is provided with large bearings 
and built-in guide rollers. The head plate strength- 
ens the corner bars placing the digging strain evenly 
on all four corners of the bucket. 

The scoops are well banded and the back band 
ties in with the power arm, thus making three 
thicknesses of metal at the usual breaking point. 
The lips extend entirely to the top of the bucket 
and also tie in with the power arm and hinges. The 
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lips are furnished of either high carbon or man- 
ganese steel as desired. Stellite cutting edges are 
available on All Erie Buckets. 

Heavy steel flanged plates are used to make the 
scoops strong so that they will stand the repeated 
striking of iron in cupola refuse pits. 





A MACHINE FOR ROLLING HEAVY METAL 
FORMS 


Heretofore machines for forming heavy sheet 
metal into window framing, cornice molding, door 
butts and the like, have been of the “brake” type, 
operating on the principle of a press. Roll machines 
have been used only for comparatively narrow strips 
of light metal, as in making furniture hardware and 
similar articles. The J. S. Thorne Company, of 
Philadelphia, however, has recently had built by the 
Dienelt & Eisenhardt Company of the same city, a 
metal forming machine which will roll 10 gage ma- 
terial up to 36 inches width. 

The machine consists of twelve pairs of horizontai 
rolls, between which the strips of metal pass. These 
rolls are so shaped that the metal is progressively 
molded into its final shape, the impressions becom- 
ing sharper and deeper as the material passes through 
the machine, thus permitting sharp angles without 
breaking at the bends, which might occur if the 
material were formed too much by a single set of 
rolls. All operations are mechanical, beginning with 
the flat material and ending with the finished prod- 
uct, no intermediate rehandling and readjusting be- 
ing required between the impressions, as would be 
necessary with a brake machine. 

The speed of travel is approximately 65 feet per 
minute while the machine occupies a floor space of 
only 22 ft. 6 in. by 8 ft. 4 in., or of 22 ft. 6 in. by 
13 ft. 4 in. in a duplex machine of double capacity, 
so that great economy in time, labor and floor space 
is realized as compared with former practice. 

To prevent wide and heavy material from rising 
and buckling between the rolls, the forming rolls are 
set close together, the horizontal center distances 
being only 16 inches. In handling heavy gage ma- 
terial narrower than 36 inches, it is desirable that 
the bearings of the rolls be moved inward in order 
to reduce roll deflection. This is accomplished by 
making the bearing housings or supports movable 
upon the base plate and by bushing the rolls so 
that the bearings can run at any point desired. When 
the housing of the second pair of rolls has been re- 
moved, then the housings of the other rolls may 
be shifted inward by varying distances. The 
vertical clearance between the rolls is adjustable by 
means of hand wheels on the bearing housings, which 
also are fitted with gauges. Individual rolls are 
removable. 

The rolls are geared together by intermeshing 
spur gears in four groups of three, each of which is 


va 


driven from a top drive 17% ratio worm reduction 
gear, the worm spindles being coupled together to 
form a continuous longitudinal line shaft. The mo- 
tor shaft, which runs at 860 r.p.m. is not directly 
connected to the line of worm spindles, but drives it 
through a helical reduction gear of 2.03 ratio. 

The worm wheel shaft of each worm gear is 
extended upon both sides, thus providing for the 
installation of a duplicate row of rolls on the oppo- 


site side of the worm gears; the 175 hp. motor being 
sufficiently powerful to operate both sets, although 
ordinarily only one side will be in use while the 
other side is being set up. In case of very long 
runs, however, both sides can be used to obtain 
double output. 


NEW THREE POSITION PILOT SWITCH 


Motor driven pumps, compressors, and _ similar 
machines which are controlled by an automatic pilot 
device such as a float switch, pressure switch, time 
clock, etc., often require some means of starting and 
stopping the motor manually. For this purpose, 
Cutler-Hammer, Inc., 157 Twelfth street, Milwaukee, 
Wis., have developed a new three-position pilot 
switch. The operating lever can be placed in either 
the “automatic,” “off” or “manual” position. When 
turned to “automatic,” the automatic pilot device 
is in circuit and normal, automatic operation is ob 
tained. With the lever in the “off” position, the 
pilot circuit is opened and the motor cannot be 
started from any other control point. ‘Turning the 
lever to the “manual” position closes the control 
circuit direct and the motor will run continuously 
regardless of any other control devices as long as 
there is operating voltage on the line. The con- 
struction is extremely simple. It consists of a two- 
button pushbutton switch inside the case, the but- 
tons of which are operated by a cam attached to the 
operating lever. The lever will remain in any one 
of the three positions. 


RECORD-BREAKING TURBINE GENERATORS 
FOR THE BROOKLYN EDISON COMPANY 


Two turbine generators that will set several rec- 
ords for capacity and size are being constructed af 
the Schenectady works of the General Electric Com- 
pany for installation in the Hudson Avenue station 
of the Brooklyn Edison Company. One will be in- 
stalled in September, 1931, and the other in April, 
1932. 

Each turbine will be of tandem-compound con- 
struction, with double flow in the low-pressure cylin- 
der, and will drive a single generator of 160,000 
kilowatts capacity at 0.8 power factor, with a maxti- 
mum output of 200,000 kilovolt-amperes. The unit 
is, therefore, the largest single-shaft machine operat- 
ing at 1800 revolutions per minute. Without auxil- 
iaries or attachments the combined weight of each 
turbine and generator will be more than a thousand 
tons. The turbines are designed for steam condi- 
tions of 400 pounds gauge pressure, 730 degrees 
Fahrenheit total temperature, and one-inch absolute 
back pressure. Provision is made for bleeding steam 
at two stages for heating the feed water to a tem 
perature of 270° F. The compactness of the unit is 
shown by the fact that an output of almost 100 
kilovolt-amperes is obtained from one square foot 
of floor area. 


The Turbine 


The steam is admitted to the turbine through 
five control valves which open in sequence and 
therefore result in a very flat load curve and high 
economy at partial loads. The turbine will operate 
from half to full load with a change in efficiency of 
less than two per cent. The steam exhausts from 
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pressure element through two crossover pipes which 
have a total cross-sectional area of 46 square feet. 
The large buckets of the last stage travel with a 
tip velocity of approximately 13% miles a minute. 

When the turbine is operating at full load it 
requires approximately 800 tons of steam per hour. 
This steam is delivered to the turbine through two 
steam lines 22 inches in diameter. The turbine gen- 
erator will consume its own weight in steam every 
7o minutes. 

In each stage of the turbine the nozzle dia- 
phragms first accelerate the steam to approximately 
1600 feet a second velocity, and then direct this 
high-velocity steam into the rapidly moving buckets 
of the turbine wheels. In this way the heat energy 
in the steam is converted into mechanical energy, 
and the steam which enters the turbine at a tem- 
perature of 730° F. is exhausted in a small fraction 
of a second with its temperature reduced to 80° F. 
Because of this rapid conversion of heat into work, 
the turbine may be considered as a gigantic refrig- 
erating machine. Thirteen tons of steam are re- 
duced in temperature every minute from 730° F. to 
80° F. 

The Generator 

The generator that will be driven by this turbine 
is an outstanding engineering achievement for it is 
the largest single generator in the world. Rated at 
160,000 kilowatts, 16,500 volts and 7000 amperes, it 
operates at 1800 revolutions per minute. As it is an 
0.8 power factor machine, the full load output of 
200,000 kilovolt-amperes will be considerably greater 
than the output of the 160,000-kilowatt, 160,000-kilo- 
volt-ampere generator now operating in the East 
River station of the New York Edison Company. 
Seventy-one of the new generators, operated con- 
tinuously for one year, would generate close to 100 
billion kilowatt-hours, which quantity slightly ex- 
ceeds the total electrical output of the United States 
for all purposes during 1929. 

The Hudson Avenue station once contained the 
largest single-shaft generator, and when the new 
units are installed it will have still greater distinction 
for it will then contain two duplicate generators 
which are the largest single-shaft machines in the 
world. 

Cooling air will be forced through the generators 
by four motor-driven blowers enclosed in a separate 
structure on top of the generator stator. All four 
blowers will force 220,000 cubic feet of air per minute 
through the generator; at light loads less cooling air 
is required, and some of the blowers may be shut 
down. The losses in the generator which appear as 
heat in the circulating air will be recovered by pass- 
ing the circulating air through surface air coolers, 
through which the condensate will be circulated. 
This condensate will be used as feed water for the 
boilers. The air coolers are placed above the tur- 
bine room floor, two on each side of an integral with 
the generator. Auxiliary coolers will be installed for 
use when necessary, employing sea water as a cool- 
ing medium. 

The steel portion of the revolving field will weigh 
approximately 185,000 pounds, and about 18 tons 
of copper strip will be required for the field winding. 


the high-pressure element into the double-flow low- 





A special railway car will be required to ship the 
rotor, which will have a net weight of almost 159 
tons. 

The stator for the generator is so large and heavy 
that it exceeds both in dimensions and «in weight 
the shipping limitations of the railroads. The stator 
frame will therefore be made in halves, and these 
halves will be joined in the Hudson Avenue station. 
The core, consisting of more than 150 tons of silicon 
steel punchings, will then be assembled, after which 
the armature windings will be installed in the arma- 
ture core. These windings are not special in any 
respect except as to dimensions. 

The new 160,000-kilowatt turbine generators will 
represent an outstanding achievement since each 
single-shaft unit, with its single generator, will 
occupy in the power station a portion of the turbine 
room originally intended to accommodate a_ 50,000- 
kilowatt equipment, a unit of less than one-third, 
the capacity. 


MAGNETIC STARTER 


The Electric Controller & Manufacturing Com- 
pany of Cleveland, Ohio, announces a new Magnetic 
Starter. This starter, complete with overload relays 
and a self-contained potential transformer (to secure 
220 volts for the control circuit) is intended for 
across-the-line starting of Squirrel Cage and Syn- 
chronous Motors and may also be used to control 
the primary of Slipring Motors. ‘The starter is built 
for reversing, non-reversing and plugging applica- 
ons. 

The design of this starter is radically different 
from the switchboard circuit breaker type of starter 
commonly used in the past for full voltage starting 
of high voltage A.C. motors. There are no bell 
cranks, toggle mechanisms or lever systems between 
the magnet armature and movable contact arm. The 
magnet armature, carrying the moveable contact 
arm, is direct acting and is supported by only one 
large bearing pin and since the entire unit is totally 
oil-immersed, all working parts are always well lubri- 
cated and protected from dust and corrosion. This 
insures the equipment is ready for operation at any 
time, whether it is out of service for a few minutes 
or for several months. 

The contacts used on this, the type ZHS Full 
Voltage Magnetic Starter, are likewise very different 
from previous 2300 volt designs. They open and 
close the circuit with a wiping and rolling action, are 
duplicate and are easily renewable. 

The enclosing case is a heavy welded steel tank, 
which houses the completely wired unit. A longer 
tank containing two type ZHS magnetic contactors, 
mounted back to back and mechanically interlocked, 
is supplied for reversing, non-reversing and plugging 
applications. This unit construction provides a 
flameproof, corrosionproof and dustproof installation 
that may be mounted anywhere with perfect safety. 
It is not necessary to build an expensive control 
room for these starters. Frequently, it will prove 
very economical to mount them out in the plant 
alongside the motors they control, thereby permit- 
ting a very substantial saving in installation costs. 
It is perfectly safe to do this, because all live parts 
are totally enclosed and grounding the case provides 
a shockproof installation. 









